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EDITOR’S  VIEWPOINT 


Another  of  the  theories  that  has  been 
repeated  often  enough  as  to  l>e  accepted  as 
fact  is  delivered  a  fatal  blow  by  careful 
study.  Ramfjord  (p.  5)  was  unable  to 
demonstrate  any  clinical,  radiographic,  or 
histological  changes  in  the  periodontal  tis¬ 
sues  that  could  be  attributed  to  tuberculosis 
in  a  group  of  tuberculous  monkeys.  He 
gives  as  his  opinion  that  periodontal  disease 
observed  in  tuberculous  patients  is  due  to 
poor  oral  hygiene,  not  to  systemic  changes 
caused  by  tuberculosis. 

Karshan,  Tenenbaum,  Ziskin,  and  Friedland 
(p.  11)  have  cleared  away  more  of  the 
mythical  relationship  claimed  to  exist  be¬ 
tween  periodontal  di.sease  and  systemic  dis¬ 
ease.  Their  thorough  study  indicates  that 
while  systemic  diseases  may  contribute  to 
periodontal  diseases,  there  is  no  consistent 
pattern  and  there  is  no  indication  that  a  par¬ 
ticular  systemic  factor,  measurable  by  usual 
clinical  or  laboratory  methods,  exists  as  a 
constant.  As  the  authors  suggest,  some  gen¬ 
eral  changes,  i.e.,  leukocytosis,  erythrocyte 
sedimentation  rate  and  serum  phosphate  may 
be  the  result  of  j)erio<lontal  disease  rather 
than  its  cause. 

Although  Roth  and  Myers’  repitrt  (p.  18) 
may  appear  limited  and  simple,  their  demon¬ 
stration  of  collagenase  in  periodontal  pockets 
gives  statements  based  on  conjecture  more 
tangible  basis.  Further  investigations  may 
.show  the  relative  importance  of  various  necro¬ 
tizing  enzymes. 

A  study  by  Fitzgerald  and  Hampp  (p.  20) 
shows  that  a  number  of  antibiotics  are 
effective  at  low  concentrations  against  oral 
spirochetes.  This  indicates  that  these  drugs 
might  well  replace  agents  which  are  more 


destructive  to  oral  tissues  in  this  phase  of 
treatment  of  necrotizing  ulcerative  gingivitis. 
However,  it  should  be  pointed  out  that  most 
clinicians  appear  to  regard  drug  treatment 
only  as  a  minor  part  of  the  therapy  for  this 
type  of  gingival  disease. 

Ennever  and  Warner  (p.  25)  show  phos- 
piiata.se  activity  of  the  oral  actinomycetes 
which  are  inhabitants  of  dentobacterial 
plaques,  and  probable  ‘  ‘  binders  ’  ’  of  calculus. 
This  is  of  significance  in  confirming  some 
earlier  hypotheses  of  the  possible  participa¬ 
tion  of  these  filamentous  forms  in  calculus 
formation. 

Wuehrmann  and  Curby  (p.  27)  show  that 
the  optimal  kilovoltage  for  intraoral  radiog¬ 
raphy  apjiears  to  lie  90  to  95  kvp.  They 
used  experimental  methods  on  ivory  to  de¬ 
velop  their  study  and  used  ivory  step  plates 
intraorally  to  evaluate  the  various  kilovoltage 
levels.  This  report  is  an  example  of  the 
opportunity  for  valuable  research  in  the  field 
of  clinical  dentistry  as  well  as  in  the  areas 
of  biological  investigation. 

From  studies  of  the  concentration  of  dust 
particles  in  a  room  where  an  Airdent  machine 
was  in  operation.  Van  Leeuwen  and  Rossano 
(p.  33)  report  that  the  machine  and  te<*h- 
nique  do  not  api)ear  to  present  a  health 
hazanl  to  the  patient  or  operator.  Other 
investigations  on  the  effwt  on  the  tissues  or 
the  abrasive  used  in  the  airbrasive  technique 
are  in  progres.s.  The  chief  alarm  seems  to 
arise  from  those  who  fail  to  differentiate 
nontoxic  dusts  from  toxic  dusts.  As  the 
authors  point  out,  aluminum  oxide  is  not 
a  toxic  dust  unlike  the  familiar  toxic  dust, 
silica. 
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Slanetz  and  Reynolds  (p.  35)  found  the 
or^nisms  of  the  normal  oral  flora  greatly 
reduced  in  number  for  as  long  as  5  hours 
after  use  of  antiseptic  or  antibiotic  solutions 
and  troches  and  found  appreciable  rerluction 
even  five  days  later.  The  value  of  supressing, 
but  not  eliminating,  the  oral  organisms,  is 
not  evident.  If  certain  harmful  groups,  as 
the  acidogens,  might  be  eliminated  or  reduced 
to  negligible  numbers  by  use  of  a  troche  or 
mouthwash  every  fifth  day,  the  value  is 
more  obvious.  The  importance  of  reduction 
of  the  total  flora  from  159  millions  to  5 
millions  is  questionable. 

Grossman  and  Christian  (p.  42)  have 
determined  the  lowest  concentration  at  which 
penicillin,  bacitracin,  streptomycin,  and  cap- 
rylate  sodium  are  effective  (in  vitro)  against 
representative  organisms.  These  organisms 
were  selected  on  the  basis  of  observations 
of  1017  root  canal  cultures.  Xo  one  of  the 
agents  tested  was  effective  against  all  of  the 
common  root  canal  pathogens.  It  appears 
that  at  the  present  time  a  combination  of 
agents  offers  the  best  approach  to  the  root 
canal  therapy. 

Slawson  and  Snyder  (p.  47)  confirm 

Diamond  and  Walstad’s  observation  (J.  D. 
Bes.  29:  8,  1950)  that  sodium  azide  inhibits 
the  growth  of  yeasts  and  molds  on  tomato 
juice  agar  used  for  oral  lactobacillus  counts. 
They  found  the  effect  to  be  the  re.sult  of  the 
action  of  sodium  azide  on  the  iron  porphyrin 
pigments. 

McConnell  (p.  53)  discusses  the  crystal 
chemistry  of  francolite  in  relationship  to 
enamel.  He  represents  a  modification  of  his 
and  Gruner’s  earlier  theory  and  hypothesizes 
a  crystalline  structure  for  francolite.  On 
this  basis,  he  considers  the  probable  crystal¬ 
line  structure  of  enamel.  This  subject  is 
far  from  close<l  and  increased  knowledge  of 
the  submicroscopic  structure  of  enamel  may 
contribute  to  better  methods  of  increasing 
enamel  resistance. 

Although  the  crystalline  structure  of  en¬ 
amel  and  dentin  may  be  similar  or  identical, 
there  are  many  chemical  and  physical  differ¬ 
ences  l>etween  the  two  tissues.  Underwood 
and  Hodge  (p.  64)  have  demonstrated  one 
of  these  differences  by  studies  of  adsorption 
of  calcium.*®  Again,  the  importance  of 
making  separate  studies  of  enamel  and  ilen- 


riEWPOINT 

tin,  rather  than  using  wlude  teeth,  is  empha¬ 
sized. 

Scott,  U.ssing,  Sognnaes,  and  Wyckoff 
( p.  74)  used  the  eh*ctronic  microscope  to 
study  sections  from  mature  enamel.  They 
found  mo.st  interesting  patterns  in  the  or¬ 
ganic  framework.  sub-microscope  fibrillar 
network  has  been  demonstrated.  The  limita¬ 
tions  imposed  by  optical  microscopes  have 
been  overcome  by  this  technique  as  well  as 
by  crystalline  studies  using  polarized  light 
and  x-ray  diffraction.  F'urtlier  detailed  ob¬ 
servation  coupled  with  careful  interpretation 
may  give  us  important  knowledge  far  beyond 
that  conceived  by  microscopists  of  a  few 
de<*ades  ago.  Beust,  Kitcliin,  and  others  en¬ 
visioned  much  of  this  but  were  limited  by 
available  equipment. 

iSognnaes,  Scott,  Ussing,  and  Wyckoff 
(p.  85)  have  ob.served,  with  the  electron 
micntscope,  the  enaniel  of  rats  and  monkeys 
in  varying  stages  of  development.  The 
fibrillar  nature  of  mature  enamel  appears 
to  develop  from  a  homogeneous  organic  struc¬ 
ture.  Crystal-like  particles  have  been  ob¬ 
served  but  not  identified. 

The  method  by  which  fluorides  inhibit 
caries  has  never  been  adequately  explained. 
It  is  felt  by  many  that  the  reduction  in  new 
caries  exhibited  after  topical  application  of 
fluorides  is  not  due  to  decreased  solubility 
of  enamel,  alone.  One  theory  has  been  that 
fluorides  act  as  enzyme  inhibitors  interfering 
with  degradation  of  carbohydrates  by  bac¬ 
teria.  Rickies  and  Becks  (p.  94)  teste<l  this 
hypothesis  but  found  that  topical  applica¬ 
tions  of  fluorides  do  not  alter  acidogenic 
I>roperties  of  the  oral  flora,  nor  the  salivary 
lactobacillus  index.  While  these  findings  do 
not  support  the  enzyme  inhibitor  theory,  they 
do  not  disprove  it.  Their  figure  1  should  be 
carefully  studied  as  it  appears  to  show  that 
topically  applied  fluorides  do  alter  the  pro¬ 
duction  of  acid  by  oral  bacteria,  but  statis¬ 
tical  analysis  proves  this  an  illusion.  Less 
striking  data  have  been  used  to  support 
theories  without  using  the  scientific  approach 
utilized  by  Rickies  and  Becks. 

It  is  unfortunate  that  acidulated  fluorides 
were  recommended  for  topical  application  and 
used  widely  on  the  basis  of  laboratory  studies. 
Later  chemical  studies  showed  the  inefficiency 
of  these  fluoride  solutions.  Now,  Mulder 
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and  Day  (p.  102)  report  new  laborntory 
jiroeedurea  .sliowinn  tlie  errors  of  the  earlier 
report.  Ha<l  the  earlier  studies  rer-ojjnized 
these  errors  nuieli  useless  therapy  might  have 
Ireen  avoided. 

Bruckner,  Hill,  and  Wollpert  ( {>.  105) 
found  sorliuni  bicarbonate  dentifrice  to  be 
of  no  more  significant  value  in  controlling 
caries  tlian  a  dentifrice  without  sodium  bicar¬ 
bonate  under  conditions  of  study.  It  is 
ipiestionable  to  us  whether  studies  of  the 
possible  effectiveness  of  dentifrices  should 
be  studied  by  their  use  at  (»ne  time 
during  the  day.  It  is  true  that 
comparisons  of  medicated  and  unmedicated 
dentifrices  are  well  “  contrctlled  ”  under  those 
conditions,  i.e.,  the  only  variant  is  the  thera¬ 
peutic  agent,  but  such  studies  do  not  make 
the  comparisons  under  most  optimal  con¬ 
ditions  or  under  the  nictst  natural  conditions. 
To  test  the  former  the  comparison  should  Ik* 
made  between  dentifrices  useil  immediately 
after  meals.  To  study  the  effe<diveness  under 
usual  conditions  of  use  the  two  dentifrices 
shoulil  simply  be  distributed  to  the  two  groups 
for  home  use  under  ordinary  methods  of 
home  care.  Bruckner,  Hill,  and  Wollpert 
also  report  comparisons  of  different  methods 
of  <*aries  activity  evaluation. 

Pennell  and  Herman  (p.  113)  report  on 
the  use  of  a  “sense”  card  to  re<*ord  findings 
of  ilental  examinations.  It  includes  data  on 
DMF  teeth,  extraoral  and  intraoral  pathosis. 
periodontal  tlisease,  enamel  dystropliies  and 
occlusion.  The  results  of  examination  of  the 
Boy  Scouts  at  the  Valley  Forge  .Jamboree  are 
compare<l  with  the  data  from  Hagerstown. 
It  is  noted  that  the  examination-recording 
lime  averaged  less  than  2  minutes  j)er  indi¬ 
vidual.  We  cannot  con'-eive  of  a  2  minute 
examination  being  adequate  for  caries  ob¬ 
servation,  alone,  even  without  the  other  por¬ 
tions  of  the  examination,  no  matter  how 
efficient  the  re«*ording  technique  may  l)e.  At 
best,  such  examinations  are  only  the  crudest 
of  .screening  operations.  Wliile  it  may  be 
argued  that  the  errors  will  cancel  each  other 
in  examinations  of  this  ty|>e,  it  cannot  be 
denieil  that  they  are  wholly  inade<|uate  and 
we  personally  question  the  validity  of  com¬ 
parisons  based  on  data  derived  in  such  a 
manner.  The  recording  techniciue  should  be 


valuable  when  more  careful  and  thorough 
examinations  are  utilized. 

The  problem  of  cavity  ilepth  in  relation¬ 
ship  to  the  progress  of  caries  has  stimulated 
Bodecker  (p.  119)  to  devise  an  instrument  to 
reduce  subjectivity  in  examination  of  caries 
at  different  times.  It  would  be  most  interest¬ 
ing  to  secure  values  on  a  group  such  as 
stuilied  by  Boyd,  Wess«*ls,  an«l  I>*ighton 
({I.  124),  using  the  instrument  devise*!  by 
Bode<*ker.  It  must  be  pointed  out  that  the 
measurement  of  cavity  jirogression  is  not  a 
valid  method  of  evaluating  caries  preventive 
measures  ilirected  at  sto[>ping  the  initiation 
of  caries.  I'or  example,  profwments  of  the 
topical  fluori<ie  method  of  <'aries  control  point 
out  that  this  tt*chnique  does  not  halt  [>ro- 
gression  of  caviti**s  already  initiate*!  but 
only  prevents  the  beginning  of  a  percentage 
of  new  cavities. 

Boyd,  Wessels,  and  Leighton  (p.  124) 
lejmrt  the  rate  of  progress  of  caries  in 
secon*l  molars  of  a  gr*>up  of  chiblren  from  a 
scho*d  for  the  feeble  min*le*l.  Such  data  are 
interesting  for  few  groups  of  chiblren  with 
comjdetely  neglected  cavities  are  observable 
*>ver  a  jierio*!  of  years.  The  authors  found 
the  progress  of  carious  lesions  relatively  sl*>w 
after  the  initiation  of  the  cavity.  They  re**- 
onimen*!  that  caries  therapy  shoubl  In*  teste*l 
in  m*iuths  where  no  cavities  are  placeil,  con- 
ten*ling  that  the  placement  of  restoratif»ns  is 
in  itself  anticaries  therapy.  However,  the 
caries  control  metho*ls  now  l)eing  recom- 
men*le*l  are  aime*l  at  ***mtr*)lling  the  prixess 
of  dental  caries  and  thereby  preventing  the 
initiation  of  cavities.  In  such  instances,  the 
[irogress  of  cavities  after  their  initiation  is 
unimportant  from  the  stan<l|M>int  of  evalua¬ 
tion  of  the  te*‘hni*iue. 

The  search  for  antibacterial  agents  that 
will  inhibit  caries  when  use*l  in  dentifrice  or 
mouthwash  continues.  Forbes  and  Smith 
(p.  129  and  p.  132)  have  investigate*!  the 
effect  of  metallic  salts  in  re*lucing  acid  pro¬ 
duction  in  salvia.  Tiiey  found  several  metallic 
salts  effective  ami  trie<l  copjH*r  and  nickel 
salts  in  human  subje**ts.  Oop)»er  and  nickel 
salts  both  inhibite*!  oral  aci*l  pnaluction  but 
copjter  salts  had  a  metallic  tsiste  ami  left  a 
disc*il*trati*m.  These  *»bJectional  prop«*rties 
woultl  prevent  the  general  use  of  the  agents 
but  shouhl  not  prevent  further  stmlies. 
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Droizen,  Spios,  and  Spies  (p.  137)  found 
traces  of  copjter  and  cobalt  in  saliva  but  no 
nickel  or  molybdenum.  Copper  was  present 
at  levels  of  10  to  47.5  mg.  i>er  100  c.c.  and 
cobalt  as  high  as  12.5  mg.  per  100  c.c.,  but  at 
these  levels  neither  element  influences  acid 
prorluction  nor  the  growth  of  an  oral  strain 
of  lactobacilli  Forln's  and  Smith  (p.  129) 
have  demons! raterl  tliat  cop|ier  salts  added  to 
the  oral  cavity  may  inhibit  acid  jrroduction. 
These  studies  suggest  that  copper  is  not  a 
natural  salivary  factor  acting  against  dental 
caries.  Further  studies  of  this  type  may 
uncover  some  factor  which  acts,  under  nor¬ 
mal  conditions,  to  inhibit  the  caries  prwess. 

Xakfoor,  Hunt,  and  Hoppert  (p.  14J)) 
found  that  the  molars  of  cenetically  caries- 
resistant  rats  were  more  resistant  to  fractur¬ 
ing  than  those  of  caries-susceptible  live  rats. 
They  gaineil  the  impression  that  the  crevices 


of  the  rat  molar  in  caries  resistant  lines  arc 
narrower  than  the  crevices  in  susceptible  lines, 
jii  spite  of  the  observation  that  the  teeth  of 
susceptible  animals  fracture  more  readily 
when  struck  on  the  cusps  they  conclude  that 
fracturing  is  not  an  important  factor  in 
initiating  caries  in  their  rats.  The  fracture 
may  be  jiroduced  by  food  particles  impacted 
betwi’en  cusps  and  in  this  instance  the  width 
of  the  cusp  and  the  reduced  fracture  resis¬ 
tance  may  be  key  factors  in  the  <‘aries  re¬ 
sistance  difference. 

Sullivan  and  Everett  (]>.  151)  describe  a 
method  for  obtaining  blood  from  the  hamster. 
.Mthough  they  used  this  technique  to  obtain 
blood  for  sugar  level  studies,  it  is  applicable 
for  other  uses.  The  increasing  use  of  the 
hamster  ns  a  laboratory  animal  requires  more 
knowledge  of  its  physiologic,  chemistry  and 
anatomy  as  well  as  of  its  pathology. 


TrHKHCn.OSIS  AND  PERIODONTAL  DISEASE,  WITH  SPECIAL 
HEFEHENI’E  TO  THE  (T)LLAGEN  FIBERS 

MIGUKI)  RAMFJOKI),  L.D.S.,  M.S.,  Ph.D. 

From  the  Vnivf  rsitt^  of  Mirhif/an  School  of  Dentistry,  Department  of  Oral  Pathology 
and  Periodontia,  Ann  Arbor,  Mich. 

ANFMBEK  of  chronic  debilitating  diseases,  including  tuberculosis,  have 
been  considered  predisposing  or  contributing  factors  in  the  development 
of  periodontal  disease.*’  ®’  Some  authors**’  **  have  even  claimed  that 

the  periodontal  lesions  associated  with  these  systemic  diseases  are  charac¬ 
teristic  enough  to  be  helpful  in  arriving  at  a  diagnosis  of  the  systemic  dis¬ 
ease.  A  mild,  paitde.ss,  specific  type  of  gingivitis  associated  with  pulmonary 
tuberculosis  was  described  by  C’ahn,®  who  also  reported  “roentgenographic 
evidence  of  enlarged,  swollen  intertrabecular  spaces  between  and  around  the 
teeth.”  t'ipes"  examined  more  than  one  thousand  tuberculous  patients  and 
found  a  high  incidence  of  characteristic  gingivitis  which  varied  in  severity 
and  extent  proportionately  to  the  pulmonary  involvement.  A  definite  associa¬ 
tion  between  ]>ulmonary  tuberculosis  and  periodontal  lesions  was  also  reimrtetl 
by  Kramer*’  and  Brody.®  They  also  reiwrted  periotlontal  l)one  changes,  and 
were  later  supjmrted  by  Goadby,’^  who  attributed  these  Imne  changes  in  the  jaw 
to  a  loss  of  lime  salts  and  a  subsequent  formation  of  granulation  tissue.  A  gen¬ 
eral  withdrawal  of  calcium  salts  from  the  bony  system  associated  with  pul¬ 
monary  tuberculosis  might,  according  to  Miller,*’  cause  a  horizontal  wasting 
of  the  alveolar  process.  This  theory  of  demineralization  of  bone  in  cases  of 
pulmonary  tuberculosis  seems  to  be  unfounded.*® 

A  second  group  of  investigators  have  found,  in  tuberculous  patients,  an 
increased  occurrence  and  extent  of  the  commonly  recognized  types  of  perio¬ 
dontal  diseases.’*’  **  These  reports  include  a  large  number  of  clinical  cases 
and  a  significant  relationship  is  claimed  between  pidmonary  tubercuU)sis  anil 
l>eriodontal  disease,  utilizing  healthy  individuals  as  controls.  In  several  text¬ 
books  of  oral  pathology’’  *®  general  statements  are  made  about  imlmonary 
tuberculosis  causing  lowered  systemic  and  local  resistance  to  irritation  and  in¬ 
fection.  and  thereby  predisposing  to  i)eriodontal  disease. 

The  third  group  of  reports  is  headed  by  Tanchester  and  Sonin’s  thorough 
investigation  of  l.bOO  tuberculous  i)atients  jilus  a  large  number  of  healthy 
controls.  They  did  not  find  any  jiathognomonic  dental  or  periiKlontal  signs  of 
tuberculosis,  nor  did  they  observe  more  dental  or  periodontal  disease  in 
tuberculous  than  in  healthy  individuals.  Koentgenographic  examination  of 
the  teeth  and  their  supporting  structures  <lid  not  reveal  any  changes  which 
could  be  attributed  to  tuberculosis.  Similar  statements  have  been  made  by 
Brodsky,’  Ordene,**  and  Gruber’®  after  examination  of  a  large  number  of 
tuberculous  patients. 


for  publication,  June  1,  1951. 

From  a  thesis  submitted  for  the  decree  of  Ph.D.  at  the  I’niversity  of  Michigan. 
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Most  of  the  reports  nre  based  on  elinieal  impressions  rather  than  on 
scientifically  controlled  investigations,  making  an  evaluation  of  the  literature 
impos-sihle.  The  etiology  of  i)eriodontal  disease  is  considered  by  many  in¬ 
vestigators  to  he  obscure,  local  factors  are  often  difficult  to  observe,  and  sys¬ 
temic  disease,  when  present,  offers  a  seemingly  ]dausil)le  explanation  of  the 
periodontal  involvement.  This  “systemic  factor  escai)e”  in  the  diagnosis  of 
periodontal  disease  is  a  vague  concept  which  has  been  indiscriminately  used 
and  which  has  impaired  the  progress  in  dentistry  tremendously. 


INVESTIGATION 

Clinical  examination  followed  by  necrojisy  and  histologic  study  was 
performed  in  10  rhesus  monkeys  which  suffered  from  severe  tuberculosis  of 
the  human  type.  Seven  healthy  monkeys  of  ap])roximately  the  same  age  which 
lived  under  the  same  environmental  conditions  were  used  as  controls.  The 
tuberculous  animals  were  sacrificed  when  they  reached  the  moribund  stage  of 
their  disease.  Clinical  oral  and  grossly  visible  visceral  changes  were  recorded, 
oral  photographs  and  dental  roentgenograms  were  taken,  and  models  were 
made  of  their  teeth.  Specimens  for  microscopic  study  were  taken  from  jaws, 
teeth,  temporomandibular  joints,  mesial  end  of  one  tibia,  and  from  visceral  or¬ 
gans.  including  the  lung,  ])eribronchial  and  mesenteric  lymph  nodes,  stomach, 
liver,  kidney,  spleen,  adrenals,  and  pancreas.  Hematoxylin  and  eosin  stained 
.sections  were  utilized  for  examination  of  all  of  the  tissues.  The  seven  control 
animals  were  sacrificed  and  examined  in  the  same  way  as  the  experimental 
animals. 

A  summary  of  the  case  reports  is  given  in  Table  I.  Nine  of  the  monkeys 
had.  at  the  time  of  autopsy,  extensive  miliary  spread  of  pulmonary  tuberculo¬ 
sis  with  lesions  in  spleen,  liver,  kidney,  pancreas,  and  peribronchial  and 
mesenteric  lymph  nodes.  The  tenth  monkey  had  severe  renal  tuberculosis. 
They  all  showed  evidence  of  catarrhal  gastritis  and  colitis,  and  a  few  animal 
parasites  were  found  in  ‘i  of  the  monkeys.  Four  of  the  experimental  animals 
had  clinically  normal  gingiva,  while  the  other  6  showed  varying  degrees  of 
materia  alba,  dental  calculus,  and  a  mild  marginal  gingivitis  of  the  same  type 
as  seen  in  the  control  animals.  The  gingivitis  was  seen  only  in  association 
with  local  irritants.  The  dental  roentgenograms  did  not  reveal  any  bone 
changes  and  microscopically  no  difference  could  be  observed  between  the 
Iieriodontal  tissues  in  the  experimental  and  the  control  animals.  Various 
manifestations  of  traumatism,  in  some  instances  histologically  resembling 
diffuse  atrophy  or  periodontosis,^®  were  present  in  both  groups.  The  irniilica- 
tions  of  these  findings  have  been  discussed  in  a  previous  article.*" 

Since  degeneration  of  periodontal  fibers  has  been  listed  as  the  initial  and 
most  important  finding  in  periodontosis,*’  ”  it  was  felt  that  a  logical  ap¬ 
proach  to  the  jnoblem  of  possible  periodontal  impairment  in  .systemic  disease 
(here  tuberculosis)  wouhl  be  a  thorough  investigation  of  the  collagen  for 
general  changes,  for  example  in  joint  ca|)sules  and  for  changes  localized  in  the 
periodontal  tissues.  The  collagenous  fibers  are  a  characteristic  constituent  of 
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all  types  of  connective  tissue,  and  there  is  no  more  important  group  of  sub¬ 
stances  in  dental  physiology  and  pathology  than  the  collagen  group  of  fibro- 
proteins.” 

In  the  loose  connective  tissue  the  collagenous  fibers  are  long,  straight  or 
wavy,  colorless  threads  or  ribbons  which  run  in  all  directions.®^  In  con¬ 
nective  tissue,  which  performs  a  definite  function,  they  are  arranged  parallel 
in  such  a  way  as  to  allow  the  function  to  be  transferred  as  a  pull  to  the  col¬ 
lagenous  fibers.  They  consist  of  extremely  fine,  uniform,  parallel,  collagenous 
fibrils  which  are  held  together  by  a  cement  substance.  The  fibers  are  very 
flexible,  but  not  elastic,  and  offer  a  great  resistance  to  a  pulling  force. 

A  satisfactory  definition  of  collagen  has  not  been  devised.  Morphologists 
have  gained  a  common  concept  of  the  meaning  of  the  term  through  descriptive 
terminology  and  regard  collagen  as  a  homogenous,  fibrillary,  intercellular 
protein  substance  which  can  be  distinguished  from  other  intercellular  materials 
by  its  staining  reactions,  microscopic  structure,  and  other  empirical  prop¬ 
erties.  The  source  of  collagen  has  not  been  proved  definitely.  It  appears  in  the 

Table  I 


Monkeys  With  TrBERcrix>sis* 


MONKEY 

NCMBER 

■■  ■ 

YEARS 

CUNIOAl,  CERIonONTAI. 

PIACNOSIS 

1  MATERIA  Al,BA  | 
ANP/OR 
CALCrMS  ' 

MICROSCOPIC  PERIOnONTAI. 

ni.voNosis 

1514 

.IVi 

Mild  gingivitis 
Stillman 's  cleft 

+ 

Mild  chronic  gingivitis 

1775 

3 

Normal  gingiva 

- 

Normal  gingiva 

1641 

4 

Normal  gingiva 

- 

Mild  chronic  gingivitis 

164.1 

.IVi 

Mild  gingivitis 

Mild  chronic  gingivitis 

19.50 

2Vj 

Mild  gingivitis 

+ 

Chronic  gingivitis 

1.128 

4-5 

Normal  gingiva 

- 

Mild  chronic  gingivitis 

1921 

2 

Normal  gingiva 

- 

Mild  chronic  gingivitis 

1842 

2 

Mild  gingivitis 

Gingivitis 

T 

2 

Gingivitis 

Chronic  gingivitis 

1771 

5-6 

Mild  gingivitis 

-1- 

Mild  chronic  gingivitis 

*The  dental  roentBenosrama  were  negative.  .Ml  of  the  seven  control  animals  showeil 
signs  of  ginKivitis.  both  clinically  ami  microscopically. 


intercellular  medium  only  in  the  presence  of  fibroblasts,  and  Hass  and  Mc¬ 
Donald*®  showed  in  tissue  cultures  that  new  deposits  of  collagen  appeared  only 
in  the  immediate  vicinity  of  a  new  growth  of  fibroblasts.®*  It  was  also  found 
that  new  collagen  did  not  appear  in  increasing  quantities  or  persist  for  a  sig¬ 
nificant  interval  of  time  around  fibroblasts  which  showed  morphological  evi¬ 
dence  of  diminished  viability.  The  first  detectable  stage  in  the  process  of 
resorption  of  collagen  was  a  loss  of  the  selective  staining  property.  One  could 
assume  that  the  same  i)henomena  would  initiate  ])eriodontosis.  A  depression 
of  the  pH  level  of  the  medium  to  the  lowest  level  which  permitted  the  fibro¬ 
blasts  to  live  was  associated  with  cessation  of  collagen  deposition  and  resorp¬ 
tion  of  collagen.  The  low  i)H  level  in  an  area  of  inflammation  may  also  partly 
explain  the  collagen  degeneration  found  in  a.ssociation  with  inflammation. 

Pathologic  changes  in  collagen  are  manifest  as  »legenerative  changes,  and 
result  from  many  causes,  which  include  allergy,  disturbance  in  metabolism, 
toxic  influences,  drugs,  foreign  proteins,  endocrine  imbalances,  aging,  and 
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reaction  to  excessive  stress  and  inflammation.  In  addition,  so-called  collagen 
diseases  exist,  including  serum  sickness  and  scleroderma.  The  i)roducts  of 
degeneration  of  collagen  may  be  distinguished  by  staining  reactions.  The 
collagen  first  ceases  to  stain  with  acid  dyes  and  stains  with  basic  dyes.  The 
structure  of  normal  collagen  is  retained  in  this  early  stage  of  degeneration. 
Degenerative  changes  begin  in  the  center  of  the  fiber.--  As  the  degenerative 
changes  proceed,  acid-staining  collestin  is  formed.  The  collagen  disintegrates 
into  coarse,  irregular  masses  or  blocks.  A  more  advanced  degenerative  prod¬ 
uct  of  collagen  is  the  intensely  basophilic-staining  collacin.  Atroi)hy  and 
destruction  of  the  collagenous  fibei^s  also  occur  in  the  chronic  infective  gran¬ 
ulomatous  processes  such  as  tuberculosis  and  sy]>hilis. 

Little  research  has  been  reported  with  reference  to  collagen  in  i)erio- 
dontal  tissues.  Stafne  and  Austin®^  reported  widened  periodontal  spaces  in 
x-ray  films  of  patients  with  acrosclerosis  and  diffuse  scleroderma.  They  foiuid 
that  the  enlarged  periodontal  space  was  filled  with  loose  vascular  connective 
tissue.  Ray^®  reported  collagen  degeneration  in  some  gingival  specimens  from 
diabetics.  The  change  in  collagen  was  associated  with  inflammation,  which 
made  it  difficult  to  evaluate  the  significance  of  the  findings.  Orban,  Martin, 
and  Helni,-^  in  a  case  of  scorbutus,  demonstrated  an  increase  in  the  formation 
of  collagenous  fibers  in  the  gingiva  when  the  scurvy  improved. 

In  the  reported  cases  of  diffuse  atroi)hy  of  the  periodontal  tissues, 
hematoxylin-eosin  stains  and  in  a  few  eases,  silver  stains,  have  been  used 
to  study  collagen  change.  C'ollagenous  degeneration  has  been  diagnosed  by 
the  finding  of  dearrangement  of  the  fibers  rather  than  by  staining  reactions. 
Fixation  of  tissues  from  the  jaws  is  often  delayed  in  auto]).sy  material.  Un¬ 
even,  inadequate  fixation  may  also  result  from  ])oor  penetration  of  the  fixative 
into  these  den.se  tissues.  One  portion  of  a  specimen  may  be  fixed  and  .show 
cell  details,  while  another  portion  of  the  same  jaw  may  be  inadequately  fixed 
and  the  artefact  which  results  might  be  misinterpreted  as  degenerative 
change.  Material  containing  teeth  requires  a  longer  period  of  decalcification 
than  ordinary  bone,  and  sections  including  teeth  are  often  uneven  in  thick¬ 
ness.  The  above  technical  factors  are  emphasized  because  they  are  important 
in  the  evaluation  of  collagen  stains  of  jaw  sections. 

Various  techniques  for  silver  stains  were  tried.  The  best  results  were  ob¬ 
tained  with  Rio  Ilortega’s  triple  impregnation,  but  the  silver  stains  were  all 
uncertain  in  their  action  on  decalcified  and  celloidin-embedded  material"*  and 
no  reliable  color  reaction  indicating  collagen  degeneration  could  be  established. 

Heidenhain’s  modification  of  Mallory’s  connective  tissue  stain  seemed 
more  dependable  and  was  utilized  for  a  large  number  of  sections  both  from 
jaws  and  joints,  including  experimental  and  control  animals.  Even  with  this 
method  it  proved  to  be. very  difficult  to  diffei  enliate  between  slight  degree  of 
artefact  and  early  collagen  degeneiatioiji,  so  at  least  10  to  15  sections  from 
each  specimen  should  be  stained  and  compared  before  an  interpretation  of 
details  is  attempted.  These  technical  hazards  are  discussed  because  they  oft’er 
some  explanation  of  the  wide  range  of  different  findings  and  opinions  en- 
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countered  in  the  literature,  although  the  main  source  of  error  in  histological 
reports  on  periodontosis  and  systemic  disease  has  been  the  lack  of  acceptable 
control  material. 

This  investigation  of  the  collagen  fibers  did  not  show  any  difference  be¬ 
tween  the  ex])erimental  and  the  control  animals,  neither  in  sections  from  joints 
nor  in  sections  from  jaws  and  teeth.  The  main  variable  factor,  with  reference 
to  periodontal  disease,  which  is  present  in  man  and  absent  in  monkeys,  is  vari¬ 
ations  in  the  personal  oral  hygiene.  The  literature  generally  points  out  that 
the  oral  hygiene  is  poor  in  patients  with  far-advanced  tuberculosis.^®’  ”  If 
tuberculous  human  beings  have  a  higher  incidence  of  and  a  more  severe  perio¬ 
dontal  disea.se  than  healthy  individuals,  it  is  probably  on  the  basis  of  impaire<l 
oral  hygiene  rather  than  a  change  in  the  resistance  of  the  periodontal  tissues. 

SUMMARY 

1.  No  i)eriodontal  changes  were  observed  that  could  be  attributed  to 
tuberculosis  in  10  rhesus  monkeys. 

2.  No  indication  of  collagen  changes  was  noted  in  sections  from  jaws  and 
joints. 

3.  No  observations  .substantiated  the  theory  of  lowered  periodontal  re¬ 
sistance  in  tuberculosis. 

4.  Any  increase  in  incidence  of  periodontal  disease  as.sociated  with  tuber¬ 
culosis  must  be  produced  by  local  factors  of  which  poor  oral  hygiene  appears 
to  be  the  most  significant. 

5.  Traumatic  periodontal  changes  resembling  diffuse  atrophy  or  perio¬ 
dontosis  were  observed  both  in  the  experimental  and  in  the  control  animals. 
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MAXWELL  KAKSHAX,  BENJAMIN  TENENBATM,  DANIEL  E.  ZISKIN 
AND  KOSLYN  EKIEDLAND* 

From  the  Department  of  Biochemistry,  School  of  Dental  and  Oral  Surgery,  and  College  of 
Physicians  and  Surgeons,  Columhia  C nicersity,  Xeir  York,  X.  Y. 

IN  OUR  previous  blood  studies'-  ®  of  i)atients  with  periodontal  disease  in¬ 
volving  alveolar  bone  loss,  our  results  suggested  that  some  systemic  condi¬ 
tion  operated  as  one  of  the  contributing  factors  in  some  of  the  subjects  studied. 
This  conclusion  was  based  on  the  finding  that  differences  were  found  between 
a  control  group  and  a  group  with  periodontal  disease  in  certain  blood  Con¬ 
stituents  and  characteristics,  such  as  vitamin  (\  alkaline  phosphatase,  sugar, 
total  serum  protein,  serum  globulin,  cholesterol,  leukocyte  count  and  erjdhro- 
cyte  sedimentation  rate.  Other  investigators  have  reported  higher  than  nor¬ 
mal  values  for  total  calcium,  total  cholesterol,  uric  acid,  sugar  and  local  phos¬ 
phatase  (phosphatase  in  gingival  blood)  in  various  percentages  of  cases  of 
periodontal  disease  in  which  loss  of  bone  was  present.  Lower  than  normal 
values  w-ere  reported  for  vitamin  C’,  erythrocyte  count  and  ('Oj-ctmibining 
power  in  such  cases.  More  recently,  Seidler,  Miller,  and  Wolf,®  in  an  investiga¬ 
tion  of  patients  w’ith  “precocious  advanced  alveolar  bone  destruction,”  reported 
serum  calcium  and  cholesterol  values  that  ranged  toward  the  upper  limit  of 
normality,  somewhat  low-ered  serum  phos])hatase  values,  flattened  glucose  tol¬ 
erance  curves  and  reductions  in  specific  dynamic  action  of  protein  and  basal 
metabolic  rate. 

In  an  extension  of  our  investigation  of  the  etiology  of  periodontal  disease 
involving  alveolar  bone  loss  the  following  studies  were  carried  out :  compre¬ 
hensive  dental  examination,  blood  chemistry,  blood  count,  dietary  record, 
determination  of  neutral  17-ketosteroids  in  urine,  physical  examination,  basal 
metabolism,  Kline  test,  and  evaluation  of  ovarian,  function.  The  results  of  the 
study  of  ovarian  function  will  be  rejmrted  later. 

EXPERIMENT.M. 

Dental  Examination. — The  dental  examination  included  the  following: 
full  mouth  series  of  roentgenograms,  Kodachrome  photographs  of  the  gingivae, 
measurements  of  the  dejdh  of  the  pockets  around  each  tt»oth,  alginate  impres¬ 
sion  for  study  models,  and  a  biopsy  of  the  interdental  gingival  papilla  be¬ 
tween  the  upper  left  canine  and  first  i)remolar  teeth  for  histological  study.  A 
report  on  this  part  of  the  investigation  has  been  published  elsewhere.' 

In  our  tw'o  jirevious  investigations,  all  cases  were  classified  as  periodonto¬ 
clasia.  On  the  basis  of  the  more  tletailed  dental  examination,  these  cases  and 

This  InvestiBHtion  was  supported  (in  part)  by  a  researeli  ^rant  from  the  National 
Institute  for  Dental  Research,  of  the  National  Institutes  of  Health,  rubllc  Health  Service,  and 
In  part  by  a  grant  fron>  tlie  Rt>che  -Anniversary  Foundation.  I’resented  at  the  general  meeting 
of  the  International  Association  for  Dental  Research  at  French  l.ick,  Indiana,  on  Marcli  24. 
1950  (J.  D.  Rea.  ■'»:  660,  1950). 

Received  for  publication,  August  9,  1951. 

♦Now  at  Ohio  State  I’nlverslty,  College  of  Dentistry. 
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all  subsequent  ones  have  been  divided  into  three  frroups  as  follows;  Group  1 — 
periodontosis*  (or  primary  periodontosis  aeeording  to  Hill®) ;  Group  2 — perio¬ 
dontitis  complex*  (or  secondary  periodontosis  aeeording  to  Hill®) ;  Group  3 — 
advanced  eases  of  periodontitis  simplex.*  A  typical  case  in  each  group  is 
shown  in  Figs.  1,  2,  and  3.  Patients  in  Groups  1  and  2  were  predominantly 
females,  whereas  those  in  the  third  group  were  approximately  equally  divided 
between  males  and  females. 


Fig.  1. — Periodontosis  (Primary  Periodontosis).  Case  116:  female,  age  14.  The  gingiva 
was  pigmented.  A  few  papillae  were  hypertrophied  and  glossy.  No  calculus  was  present.  The 
left  first  incisor  was  protruded  and  rotated.  There  were  open  contacts  between  many  of  the 
upper  anterior  teeth.  Roentgenograms  revealed  marked  loss  of  alveolar  bone  In  the  anterior 
region  in  both  the  maxilla  and  mandible.  There  was  also  loss  of  alveolar  bone  In  the  form 
of  an  arc  around  the  left  first  molars.  The  beginning  of  a  similar  type  of  bone  loss  may  be 
seen  around  the  right  molars.  In  cases  of  this  type  local  factors  were  either  absent  or  not 
prominent  and  apparently  did  not  account  for  the  severe  loss  of  alveolar  bone.  These  observa¬ 
tions  were  rather  constant  in  this  group  in  individuals  under  25  years  of  age. 

Blood  ('htmistry  and  Blood  Counts. — Inasmuch  as  the  ea.ses  were  divided 
into  three  grouiis,  it  seemed  desirable  to  re-evaluate  our  previous  blood  data 
on  this  basis  and  furthermore  to  ineorjiorate  the  blood  data  from  50  new  perio¬ 
dontosis  eases  with  that  of  our  two  jirevious  reports.’’  ®  The  total  number 
of  cases  including  controls  was  229.  There  were  54  cases  in  the  control  group 
(individuals  free  from  periodontal  disease);  77  cases  in  the  jieriodontosis 
group;  59  cases  in  periodontitis  complex  group;  and  39  advanced  eases  of 
jieriodontitis  simplex.  The  methods  used  are  de.scribed  in  a  jirevious  publiea- 


•This  is  the  terminology  used  in  the  classification  of  periodontal  disease  of  the  American 
Aca<lemy  of  Periodontology. 
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tion.*  The  results  are  summarized  in  Table  I.  The  figures  represent  the  per¬ 
centage  of  cases  with  values  outside  the  normal  ranges  as  reported  in  the  liter¬ 
ature.  The  deviations  of  individual  cases  from  these  normal  ranges,  in  general, 
were  small.  lilood  con.stituents  or  characteristics  for  which  differences  were 
found  between  the  control  and  each  of  the  })eriodontal  groups  include  vitamin 
C,  glucose,  globulin,  albumin,  calcium-ion,  alkaline  pho.sphatase,  red  blood  cell 
.sedimentation  rate,  red  blood  count,  white  bloo<l  count,  and  neutrophils.  For 


Fig.  2. — Periodontitis  compiex  (Secondary  Perioilontosis ) .  Case  40:  female,  age  32. 
The  gingiva  had  lost  its  stippling  and  had  a  purplish  tinge.  slight  amount  of  calculus  was 
present.  Papillae  were  blunt  and  appeared  glossy  and  spongy.  Diastemata  were  present  be¬ 
tween  many  of  the  anterior  teeth.  The  upper  right  first  incisor  was  slightly  elongateAi.  The 
maxillary  anterior  teeth  were  protruded.  Roentgenograms  showed  an  almost  complete  loss  of 
alveolar  bone  In  both  arches  with  the  exception  of  the  mandibular  bicuspid  area.  Many  of 
the  teeth  showed  second  and  third  degree  mobility.  In  this  group  local  factors  were  more 
prominent  than  in  the  first  group. 


the  other  blood  constituents  studied,  no  aiipreciable  tlifferences  were  found 
between  the  control  and  jicriodontal  disease  groups,  although  deviations  from 
the  normal  ranges  were  obtained  for  both  groups.  This  was  the  case  for  total 
calcium,  inorganic  i)hos])hate,  sodium,  chlorhle,  total  iirotein,  total  cholesterol, 
free  cholesterol,  nonprolein  nitrogen,  urea,  urie  aciil,  carbon  dioxide  capacity, 
hemoglobin,  vitamin  A,  and  carotene. 

Dietary  Record. — A  dietary  reeord  was  made  of  the  total  amount  of  food 
eaten  during  a  period  of  one  week.  The  intake  of  si>me  of  the  es.sential  food 
factors  was  calculated  from  the  information  thus  obtained.  This  was  done  for 
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Table  I 

Deviations  From  Normal  Ranges  in  the  Control  and  Experimental  Groi'Ps 


PERCENTAGE  OF  CASES  WITH  VALl’ES  OUTSIDE  THE  NORMAL  RANGE 


CONTROL  GROUP 

PERIODONTOSiS 

GROUP 

PERIODONTITIS 

COMPLEX  GROUP 

PERIODONTITIS 

SIMPLEX  GROUP 

54  CASES 

77  CASES 

59  CASES 

39  CASES 

MEAN  AGE  .3.1.5 

MEAN  AGE  27.3 

MEAN  AGE  39.1 

MEAN  AGE  48.8 

ABOVE  1  BELOW’ 

ABOVE  1  BELOW 

ABOVE  1  BELOW 

ABOVE  1  BELOW 

Vitamin  C,  in  plasma 

15.0 

26.3 

42.5 

41 

Glucose  in  whole 

1.8 

16.1 

15.1 

22.5 

blood 

Globulin  in  serum 

.3.2 

28.8 

20.6 

28.6 

Albumin  in  serum 

.3.2 

14.9 

10.3 

21.4 

Calcium-ion  in  serum 

5.7 

13.5 

12.1 

8.1 

.\lkaline  phosphatase 

0 

8.6 

1.3.8 

20.0 

in  serum 

R.B.C.  sedimenta- 

11.5 

42.5 

41.5 

50.0 

tion  rate 

Red  blood  count 

.3.1  3.1 

18.8  10.7 

6.7  16.6 

11.8  17.7 

White  blood  count 

0 

14.7 

6.5 

11.3 

Neutrophils 

0 

1.3.4 

9.7 

11.5 

a  control  group  of  22  individuals  free  from  periodontal  disease  and  for  24  in¬ 
dividuals  in  the  periodontosis  (iirimary  periodontosis)  and  periodontitis  com¬ 
plex  (secondary  perfodontosis)  groups.  By  comparing  the  amount  of  food 
eaten  with  the  recommended  daily  allowances  of  the  Food  and  Nutrition  Board 
of  the  National  Research  Council,*’  the  percentage  of  cases  showing  low  intakes 
was  calculated.  A  summary  of  some  of  the  results  is  given  in  Table  II.  Inas¬ 
much  as  essentially  similar  results  were  obtained  in  primary  and  secondary 
lieriodontosis,  the  results  of  these  two  groujis  are  combined.  It  may  be  noted 
that  a  large  percentage  of  both  control  and  periodontosis  cases  do  not  measure 
up  to  the  standards  set  by  the  Food  and  Nutrition  Board  for  calories,  protein, 
calcium,  phosphorus,  iron,  thiamin,  riboflavin,  and  niacin.  Furthermore,  there 
is  no  fundamental  difference  between  the  control  and  periodontosis  groups. 
However,  it  should  be  emphasized  that  the  recommended  dietary  allowances 
are  admittedly  higher  than  average  requirements  and  that  the  deviations  from 
these  allowances,  in  general,  were  small.  The  results  for  vitamins  A  and  C 
were  in  striking  contrast  to  the  other  dietary  constituents.  With  few  exce])- 
tions,  adequate  amounts  of  these  two  vitamins  were  ingested  by  both  groups. 


Table  II 


pERCENTACiE  OF  CASES  SHOWING  LoW  FOOl*  INTAKE* 


CONTROL  GROUP 

22  CASES 

PERIOIKINTOSIS  GROUPS 

24  CASES  • 

('alories 

45 

48 

Protein 

2.3 

24 

('alcium 

7.3 

70 

Pliosphorus 

55 

58 

Iron 

.36 

45 

Thiamin 

.36 

21 

Riboflavin 

45 

50 

Niacin 

41 

41 

•Based  on  the  dietary  allowances  reiiomnienfled  by  the  Food  and  Nutrition  Board,  Na¬ 
tional  Research  Council. 
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Neutral  17-ketosteroids  in  urine. — Adrenocortical  function  was  studied  by 
determining  the  urinary  neutral  17-ketosteroid  excretion.^  Results  are  pre¬ 
sented  only  for  females  in  the  series.  There  were  20  cases  in  the  control  group 
and  33  in  the  periodontosis  (primary  periodontosis)  and  periodontitis  complex 
(secondary  periodontosis)  groups.  The  results  are  given  in  Table  III.  The 
mean  excretion  for  the  control  group  was  11.3  mg.  per  24  hours  as  compared 
with  9.8  mg.  per  24  hours  for  the  periodontosis  groups.  The  diflference  between 
the  means  divided  by  the  standard  error  of  the  difference  is  1.44,  which  indi¬ 
cates  that  there  is  no  significant  difference  between  the  control  and  periodonto- 
.sis  groups.  However,  it  is  of  interest  to  note  that  30  per  cent  of  the  eases  in 
the  control  group  are  below'  9.3  mg.  per  24  hours  (mean  for  females  between 
17  and  64  years*),  whereas  52  per  cent  of  the  eases  in  the  periodontosis  groups 
are  below  this  value. 

Physical  Examinations*. — Physical  examinations  were  made  and  detailed 
ease  histories  w'ere  taken  of  the  patients  in  the  i)eriodontosis  groups.  Of  50 


Fig'.  3. — A<lvanced  case  of  periodontitis  simplex.  Case  52 :  male,  age  58.  The  gingiva 
was  red,  hypertrophied  and  giossy  especially  around  the  lower  anterior  teeth.  This  patient  ha.« 
received  local  treatment  in  the  clinic  for  10  years.  Although  this  photograph  was  taken  after 
a  recent  prophylaxis,  calculus  deposits  were  nevertheless  present.  In  several  areas  pus  could 
be  expressed  from  the  gingival  crevices  upon  finger  pressure.  The  anterior  teeth  did  not  appear 
elongated  or  protruded  although  they  were  in  traumatic  occlusion.  There  were  no  open  con¬ 
tacts.  Roentgenograms  revealed  a  horizontal  type  of  alveolar  bone  loss  that  was  more  marked 
in  the  anterior  region.  The  teeth  were  relatively  firm.  In  this  group  the  teeth  showed  marked 
mobility  only  in  the  terminal  stages. 


•The  physical  examinations  were  made  by  Dr.  Frederick  K.  Heath  of  the  Department  of 
Medicine. 
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Table  III 

Mean  Valles  for  Xei  tral  17-Ketosteroids  in  Urine  for  Females  in  Control 
AND  Periodontosis  Groups 


NO.  OF 

CASES 

MEAN 

AC.E 

NECTRAL  17-KETOSTEROID 
MG.  PER  24  HOURS 

PERCENTAGE  OF  CASES 
WITH  VALUES  BEIXIW 
9.3  MG.  PER  24  HOURS 

Periodontosis  Group 

20 

32 

11.3 

30 

Control  Group 

33 

29 

9.8 

52 

Difference  lietween  means  divided  by  the 
standard  error  of  the  difference. 

1.44 

Odds  that  the  difference  lietween  tlie  means 
is  not  due  to  chance. 

6  to  1 

cases,  21  gave  essentially  negative  results.  A  number  of  apparently  unrelated 
conditions  were  revealed  in  the  remainder  of  the  group.  These  included  the 
following : 

Systolic  murmur  (or  mitral  stenosis)  (6  cases),  diabetes  (3  cases),  hay 
fever  (3  ca.ses),  mild  hyperthyroidism  (2  cases),  intermittent  dyspepsia  (2 
cases),  and  seborrheic  dermatitis  (2  cases).  The  following  were  found  (each 
in  one  case) :  enlarged  liver  and  tender  spleen,  amebic  colitis,  recurring 
peritoneal  abscesses,  hysterectomy  because  of  fibroid  tumor,  recurring  maxil¬ 
lary  sinusitis,  Hodgkin’s  disease  (chronic  inflammatory  enlargement  of  the 
lymph  nodes,  enlargement  of  spleen  and  often  of  liver  and  kidneys),  cervical 
lymph  node  tuberculosis,  history  of  syphilis  and  gonorrhea,  cystocele  (hernia 
of  the  bladder)  and  palpable  right  kidney,  and  thickening  and  roughening  of 
the  skin  and  moderate  hirsutism.  It  is  thus  clear  that  these  examinations  did 
not  show'  a  consistent  pattern  in  the  periodontosis  patients. 

Basal  Metabolism  and  Kline  Test. — No  difference  w’as  found  between  the  con¬ 
trol  and  periodontosis  groups  in  the  basal  metabolic  rate.  The  Kline  test  was 
negative  in  all  cases. 

CONCLUSIONS  AND  SUMMARY 

Hlood  studies  of  patients  wdth  periodontosis  (primary  periodontosis), 
periodontitis  complex  (secondary  periodontosis)  and  advanced  periodontitis 
simplex  showed  that  deviations  from  normal  ranges  were  present  in  a  greater 
liercentage  of  patients  in  each  of  these  groups  than  in  a  control  group  free 
from  periodontal  disease.  This  was  the  case  for  vitamin  C,  glucose,  globulin, 
albumin,  calcium-ion,  alkaline  phosphatase,  red  blood  cell  sedimentation  rate, 
red  blood  count,  w'hite  blood  count  and  neutrophiles.  No  appreciable  differ¬ 
ences  were  found  between  the  control  and  periodontal  disease  groups  for  cer¬ 
tain  other  blood  constituents.  The  fact  that  more  deviations  were  found  in 
the  groups  with  periodontal  disease  than  in  the  control  group  suggests  that 
one  or  more  systemic  conditions  are  associated  wdth  the.se  diseases  in  many 
of  the  subjects  stinlied.  The  relation.ship  may  be  one  of  effect  rather  than  of 
cause  in  the  cases  of  iihosphatase,  erythrocyte  sedimentation  rate  and  leuko¬ 
cyte  count.  Inasmuch  as  deviations  from  the  normal  were  obtained  for  several 
ajiparently  unrelated  blood  constituents,  it  does  not  appear  that  a  common  sys¬ 
temic  condition  operates  as  a  modifying  or  predi.sposing  factor  in  these  coudi- 
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tions.  No  clear  distinction  in  blood  chemistry  was  found  between  the  three 
groups  with  periodontal  disease.  This  is  of  interest  in  view  of  the  emphasis 
that  is  generally  placed  on  local  factors  in  the  mouth  as  the  major,  if  not  the 
sole,  cause  of  periodontitis  simplex. 

A  record  of  the  food  intake  over  a  period  of  one  week  indicated  that  a 
large  percentage  of  the  individuals  in  the  control  and  periodontosis  groui)s 
fell  below  the  standards  recommended  by  the  Food  and  Nutrition  Hoard  of 
the  National  Research  Council  for  calories,  protein,  calcium,  phosphorus,  iron, 
thiamin,  riboflavin  and  niacin.  However,  there  was  no  fundamental  difference 
between  these  groups.  On  the  other  hand  with  few  exceptions,  the  intakes  of 
vitamins  A  and  C  were  adequate  for  Iwth  groups.  The  fact  that  plasma  vitamin 
(*  was  low  in  a  large  percentage  of  the  periodontosis  cases  in  spite  of  an  ade¬ 
quate  intake  of  this  vitamin  may  mean  that  there  was  some  interference  in  the 
utilization  of  this  vitamin. 

Neutral  17-ketosteroid  output  in  the  urine  was  determined  to  study  adreno¬ 
cortical  activity.  The  mean  output  was  somewhat  greater  in  the  control  than 
in  the  periodontosis  groups  but  the  difFerenee  between  the  means  of  the  two 
groups  is  not  statistically  significant. 

Physical  examinations,  including  case  histories  did  not  reveal  a  common 
systemic  condition  responsible  for  ]>eriodontosis  and  periodontitis  complex. 
A  miscellaneous  number  of  conditions  were  found  in  58  per  cent  of  the  eases. 

There  was  no  difference  between  the  control  and  periodontosis  groups  in 
the  basal  metabolic  rate.  The  Kline  test  was  negative  in  all  cases. 
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Il)EXTIP^ICATIOX  OF  A  PROTEOLYTIC  EXZYME  OF  THE 
PEKIODOXTAI.  PO(’KET 
GENEVIEVE  D.  KOTH  AND  HUGH  1.  MYE1I8 
The  University  of  Kansas  City  School  of  Dentistry,  Kansas  City,  Mo. 

The  princii)al  fibers  of  the  periodontal  membrane  are  white  fibrous  con¬ 
nective  tissue,  collagenous  in  nature.  Box,^  in  considering  the  pathogenesis 
of  ])eriodontal  diseases  stated,  “the  findings  suggest  that  extra-cellular 
proteolytic  enzymes  are  involved.  The  cuticle  is  attacked,  and,  with  the 
l)enetration  to  the  collagen  fibres  at  the  base  of  the  epithelial  attachment,  these 
fibres  are  disorganized.  .  .  .  The  destructive  changes,  localized  and  widespread, 
observed  in  the  deeper  fibre  bundles  and  the  extensive  lesions  in  the  perio¬ 
dontal  membrane  are  due  to  the  action  of  a  fairly  powerful  necrotizing 
agent.” 

Miller,^  in  discussing  pocket  extension,  suggested  that,  “the  connective 
tissue  fibers  of  the  periodontal  membrane  must  become  detached  from  their 
anchorage  in  the  cementum  by  trauma,  infiammation,  or  some  other  local 
iiritant.” 

Collagen  is  insoluble  in  the  usual  protein  solvents.  It  can  be  destroyed  by 
an  enzyme,  collagenase,  which  has  been  purified  and  isolated  from  the  other 
toxins  ])roduced  by  CL  tvelchii,  type  A.  It  acts  over  a  pH  range  of  6.0  to 

7  .-j  3.  4,  3,  fi,  7,  8 

EngeP  and  Engel,  Ray  and  Orban*”  have  shown  the  compatibility  between 
collagenase  and  oral  environment. 

Based  on  the  above  rationale,  this  study  was  undertaken  to  determine  the 
relationshij)  between  collagenase  and  periodontal  disease.  The  preliminary 
data  herein  presented  are  offered  to  indicate  that  collagenase  activity  can  be 
demonstrated  in  material  cultivated  from  the  periodontal  pocket. 

MATERIALS  AND  METHODS 

Sterile  paper  points  were  introduced  into  the  periodontal  pockets  of  69 
subjects  and  each  imint  transferred  to  a  fiuid  medium  consisting  of  1  ml.  horse 
serum,  a  small  piece  of  rat  kidney,  and  .‘3  ml.  distilled  water.”  A  thin  ])ieee  of 
sterile  collagen  pajier,  apiiroximately  2  mm.  by  10  mm.,  prepared  from  rat  tail 
tendon  according  to  the  method  of  Oakley,  Warraek,  and  van  Heyningen^ 
was  ])laced  in  each  tube  and  the  preparations  incubated  anaerobically  at 
•37°  C.  Xine  controls  with  sterile  paper  points  in  the  fluid  medium-kidney- 
collagen  paper  environment  were  set  uj). 

After  21  days  all  tubes  were  opened  and  the  remaining  collagen,  kidney 
and  paper  point  were  placed  on  a  watch  glass  for  study.  Three  pieces  of  kid¬ 
ney,  one  from  a  control  tube,  one  from  a  negative  exiieriment  and  one  from 
a  positive  experiment  were  sectioned  at  6  microns  and  stained  with  hem- 
atoxylin-eosin  and  Van  (Jieson’s  stains. 

Received  for  publication,  April  19,  1951. 

Revised  by  authors,  September  24,  1961. 
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OBSERVATIONS 

The  results  with  the  series  of  69  tests  and  9  controls  are  shown  in  Table  I. 
The  section  of  kidney  from  a  tube  in  which  collagen  was  dissolved  show'ed 
intact  kidney  tubules,  but  total  destruction  of  the  supporting  stroma.  The 
kidney,  in  a  tube  where  the  collagen  pajier  was  not  lysed,  showed  an  anemic 
infarct  with  the  connective  tissue  elements  intact,  essentially  the  same  con¬ 
dition  as  was  found  in  a  section  of  the  control. 

DISCU.SSION 

It  is  apparent  from  the  literature  cited,  recognized  investigators  concede 
the  destruction  of  collagen  plays  a  role  in  jieriodontal  disease.  The  prelim¬ 
inary  data  presented  in  this  report  indicate  that  eollagenase  activity  is 
demonstrable  in  material  cultivated  from  periodontal  pocket.s.  To  date,  how¬ 
ever,  the  source  of  the  enzyme  or  enzymes  involved  has  not  been  determined. 


Table  I 


1 

NUMBER  OK 

TESTS 

1  COMPLETE  1 
1  LYSIS  1 

PARTIAL 

LYSIS 

1  NO 

1  LYSIS 

Collagen  (Experimental) 

69 

15 

11 

43 

Collagen  (Control) 

9 

1* 

1 

8 

Kidney — Gross  (Experimental) 

69 

8 

20 

41 

Kidney — Gross  (Control) 

9 

!• 

0 

8 

*  Contaminated. 
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ANI’MBEK  of  antibiotics  have  been  em])loyed  for  treatment  of  Vincent’s 
infection  (ulcerative  gingivo-stomatitis).  These  include  penicillin,  strep¬ 
tomycin,  and  aureoniycin.^’  ®  In  view  of  the  fact  that  the  precise  etiology  of 
this  disease  is  still  open  to  debate,  it  seemed  of  interest  to  investigate  the  ef¬ 
fects  of  various  antibiotics  with  this  condition.  The  present  phase  of  the  in¬ 
vestigation  deals  with  in  vitro  inhibition  of  the  growth  of  several  strains  of 
liorrelia  vincentii  and  small  oral  treponemes. 

EXPERIMENTAL  METHODS 

Cultures. — Three  strains  of  Borrelia  vincentii  and  three  strains  of  small 
oral  treponemes  were  employed  in  this  study.  B.  vincentii  strains  N9  and  N19 
and  the  small  oral  treponemes  FM  and  MRB  have  been  the  subject  of  earlier 
studies  in  which  their  morphological  characteristics  were  described.^’  ®  These 
strains  and  the  previously  undescribed  small  oral  treponeme  strain  NF  were 
i.solated  from  clinical  cases  of  ulcerative  gingivo-stomatitis.  Strain  EH  was 
isolated  from  healthy  gingiva  and  is  indistinguishable  from  the  other  strains 
of  B.  vincentii  in  cultural  and  morphological  characteristics.  Stock  cultures 
of  the  various  organisms  were  carried  by  monthly  transfer  in  1.5  per  cent  agar 
stabs  of  the  medium  described  below. 

Media. — The  agar  and  broth  used  in  this  study  are  modifications''”  ^  of 
Huntoon’s  “hormone”  medium.®  In  contrast  to  a  recent  report®  we  found 
such  a  broth  medium  to  support  adequately  reproducible  growth  of  the  oral 
spirochetes  when  used  in  volumetric  flasks  filled  almost  to  the  top  and  rubber 
stoppered.  Equally  good  results  can  be  obtained  with  10  ml.  amounts  in 
stoppered  15  by  125  mm.  test  tubes  providing  small  amounts  of  agar  are  added 
to  the  medium. 

It  has  been  our  experience,  however,  that  “poor”  batches  of  medium 
sometimes  result  if  the  recipe  is  not  strictly  followed.  For  this  reason,  the 
preparation  of  this  medium  as  modified  by  Ilampp^  is  described  in  detail. 

MODIFIED  HUXTOOX’s  IIORMOXE  BROTH 

Ingredients  for  Basal  ^Medium  : 

Fre.sh  veal  hearts  (freed  of  fat  and  conneetive  tissue)  1000  Om. 


Distilled  water  2000  ml. 

Thiopeptone  (BBL)  20  Gm. 

Sodium  Chloride  10  Gm. 

Whole  Fresh  Eggs  2  eggs 


Directions. —  (1)  Veal  hearts,  freed  of  fat  and  connective  tissue,  are  finely 
ground  in  a  meat  grinder.  (2)  Add  water,  mix  well  and  add  the  remaining 
ingredients.  (3)  Heat  slowly,  with  constant  stirring  at  70°  C.  (4)  Adjust 
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pll  to  7.4  with  O.IN  NaOH  and  heat  in  Arnold  Sterilizer  for  2  hours  at  100°  C. 
(5)  Filter  through  glass  Wool  (cloth  or  vegetable  fiber  filters  are  not  satis¬ 
factory).  (6)  Readju.st  pH  to  7.6  and  heat  again  in  Arnold  sterilizer  30  min¬ 
utes  at  100°  C.  (7)  Store  overnight  in  cold  room.  (8)  Skim  off  congealed 
fat  and  filter  broth  through  glass  wool  while  cold.  (9)  Sterilize  by  heating  in 
Arnold  sterilizer  for  60  minutes  at  100°  C.  on  two  successive  days.  (10)  Using 
a  .sterile  glass  wool  filtering  assembly  dispense  in  sterile  bottles  in  400  ml. 
amounts.  (11)  Heat  to  100°  C.  for  30  minutes  in  Arnold  sterilizer.  (12)  Be¬ 
fore  use  the  clear  ba.sal  broth  is  decanted  or  pipetted  free  of  the  fine  precipi¬ 
tate  which  settles  out  on  standing  and  heated  to  100°  C.  (13)  Add  7.5  ml. 
melted  modified  Huntoon’s  Agar  for  each  100  ml.  of  broth.  (14)  Allow  to  cool 
and  just  before  dispensing  add  10  nd.  of  a  sterile  solution  of  human  serum 
albumin*  and  10  ml.  of  a  sterile  1  per  cent  solution  of  glutathione  for  each  100 
ml.  of  broth.  (15)  Using  aseptic  precautions  the  medium  is  dispensed  in  10  ml. 
amounts  into  sterile  cotton  .stoppered  15  by  125  mm.  test  tubes. 

The  final  pH  of  the  medium  is  6.8  to  7.0  without  further  adjustment.  The 
filial  concentration  of  agar  in  the  medium  is  approximately  0.075  per  cent. 
This  was  selected  by  previous  trials  as  the  concentration  at  which  the  medium 
supiiorted  maximal  growth  in  test  tubes  and  yet  remained  sufficiently  fluid  to 
liermit  adequate  mixing  of  drugs  and  supplements. 

Drug  SolutionsA — Wherever  possible  the  drugs  were  made  up  in  a  series 
of  sterile  aqueous  stock  solutions  of  sufficient  strength  that  0.2  ml.  gave  the 
desired  final  concentration  when  mixed  with  10  ml.  of  medium. 

Drugs  not  .sufficiently  soluble  in  water  were  dissolved  in  the  minimum 
amount  of  ethyl  alcohol  or  propylene  glycol  and  subsequently  diluted  with 
distilled  water.  Suitable  controls  were  included  in  these  tests  to  rule  out 
the  effects  of  the  solvents  on  the  observed  results. 

The  drugs  were  added  to  the  tubes  firet  and  the  broth  was  then  pipetted 
into  the  tubes  to  mix  the  drugs. 

Inoculum. — The  inoculum  for  each  tube  was  0.2  ml.  of  a  7-day-old  modified 
Huntoon  broth  culture  of  the  appropriate  organism.  These  cultures  were 
grown  in  25  ml.  volumetric  flasks  with  no  added  agar.  Following  inoculation 
of  the  test  tubes,  the  cotton  stoppers  were  cut  off  level  with  the  lip  of  the 
tube  and  sterile  No.  1  rubber  stoppers  were  inserted.  All  tests  were  incubated 
in  air  at  37°  C. 

Reading  of  Results. — Fndpoints  were  determined  by  visual  inspection  as 
the  least  concentration  of  drug  which  completely  inhibited  growth  at  seven 
days.  Readings  were  also  made  at  shorter  and  longer  intervals  and  checked 
by  dark-field  examination  when  visual  readings  were  questionable. 


♦Squibb's  "salt  poor”  concentrated  solution  of  human  serum  albumin  with  no  preservative 
wa.M  used  here.  Ascitic  fluid  usually  permits  even  Indter  ^rowtli  but  was  not  used  because  of 
the  ilifflculty  of  ^ettin^  a  sinRle  supply  ade<iuate  enuuK>>  to  use  for  all  the  tests.  Inactivated 
rabbit  or  human  serum  may  also  be  substitutetl  in  equal  concentrations. 

tTlie  drugs  u.sed  in  this  study  and  their  sources  were  as  follows :  Aureomycin  hydro- 
cldoride.  furnislied  by  Eederle  l.abt)ratories ;  bacitracin,  furnished  by  Commercial  Solvents 
Corporation :  cldoromycetin  and  tyrothricin.  furnished  by  Parke.  Davis  and  Co. ;  lupulon'*, 
furnislied  by  the  Western  Regional  Research  laboratories.  l’.S.D..\..  notatin'*,  furnished  by 
the  Hoots  I’ure  Drug  Co.,  I.td.  All  of  the  above  substances  were  gifts  of  the  respective  or¬ 
ganizations  which  are  gratefully  acknowledged.  In  addition  the  following  commercially  avail¬ 
able  drugs  were  used:  streptomycin  (CaCU  complex),  crystalline  N'a  penicillin  G,  and  sul- 
pharsphenamine. 
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RESULTS  AND  DISCUSSIONS 

The  results  of  the  titrations  of  various  drugs  against  some  oral  spirochetes 
in  vitro  are  shown  in  Table  I.  The  endpoints  are  expressed  as  the  least  amount 
of  drug  which  prevents  visible  growth  of  the  spirochetes  after  seven  days’ 
incubation.  For  convenience  this  is  referred  to  as  the  M.E.C.  (minimal  ef¬ 
fective  concentration).  With  the  exception  of  lupulon  and  notatin  results  are 
based  on  two  or  more  tests.  Aside  from  notatin  all  of  the  drugs  tested  exhibit 
an  appreciable  inhibitory  effect  on  both  the  small  oral  treponemes  and  B. 
vincentii. 

The  test  with  notatin  seems  deserving  of  additional  comment.  This  sub¬ 
stance  has  been  shown  to  be  an  enzyme,  glucose  oxidase,  produced  by  Peni- 
ciUiuyn  notatum.^^  In  the  presence  of  oxygen  it  converts  glucose  to  gluconic 
acid.  Its  antibacterial  action  is  due  to  the  fact  that  it  also  produces  equi¬ 
molar  amounts  of  hydrogen  peroxide  in  this  reaction,  h’or  purposes  of  the 
antispiroi'hete  tests  with  notatin,  0.5  per  cent  glucose  was  incorporated  in  the 
test  medium.  Although  the  medium  used  in  these  tests  is  admittedly  designed 
to  provide  micro-aerophilic  conditions  for  the  growth  of  spirochetes  there  was 
apparently  sufficient  (>2  present  for  the  enzyme  to  function  and  to  permit  some 
II2O2  production.  This  was  demonstrated  by  inoculation  of  a  parallel  series 
of  notatin  tubes  with  a  strain  of  Staphylococcus  atireus.  The  inhibitory  end¬ 
point  for  S.  aureus  was  200  units  per  milliliter  of  notatin  compared  with  1000 
units  per  milliliter  or  more  for  the  oral  spirochetes.  The  inhibitory  endpoint 
remained  the  same  for  S.  aureus  even  if  the  notatin-containing  tubes  were  in¬ 
cubated  at  37°  C.  for  5  days  prior  to  inoculation  with  S.  aureus.  On  the  other 
hand  the  sensitivity  of  the  oral  spirochetes  and  S.  aureus  to  hydrogen  i)eroxide 
is  of  the  same  magnitude,  ranging  from  50  to  150  /ig  per  milliliter  in  the  modi¬ 
fied  Huntoon’s  broth.  It  is  not  possible  at  this  stage  to  explain  the  signifi¬ 
cance  of  this  apparent  discrepancy.  One  obvious  possibility  is  that  the  spiro¬ 
chetes  may  in  some  way  inhibit  the  action  of  notatin  so  that  the  production  of 
II2O2  is  diminished. 

Drug  Resistance. — In  all  of  the  tests  there  was  only  one  instance  in  which 
a  drug-resistant  strain  apjieared  spontaneously.  The  small  oral  treiioneme, 
FM,  grew  out  after  12  days  in  a  tube  containing  IGO  /ig  per  milliliter  strepto¬ 
mycin.  At  this  time  no  growth  had  appeared  in  succeeding  tubes  of  the  series 
down  through  the  normal  MFC  of  2.0  yg  per  milliliter.  In  a  subsequent  titra¬ 
tion  this  resistant  sub-strain  grew  readily  at  the  highest  streptomycin  con¬ 
centration  used,  2000  yg  i)er  milliliter.  A  subculture  from  this  tube  grew  out 
at  10,000  fig  per  milliliter  streptomycin  but  not  at  50,000  /ig  per  milliliter. 

Attempts  were  made  to  induce  resistance  to  some  of  the  other  antibiotics 
by  transferring  from  the  highest  concentration  permitting  growth  at  7  days 
to  the  next  higher  tube  in  the  series.  This  amounted  to  doubling  the  drug  con¬ 
centration.  These  attenijits  were  uniforndy  unsuccessful.  However,  they  are 
revealing  in  another  sense  since  they  indicate  the  iiersistence  in  these  tubes 
of  sufficient  amounts  of  the  drugs  to  be  effectively  inhibitory  for  7  days  or 
more  in  these  tests.  This  was  true  for  iienicillin  as  well  as  the  other  antibiotics 
tested. 
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Spinnhitocidal  Action  of  the  Drugs. — Some  i-oii{jh  attempts  were  made  to 
distiiifruish  between  the  inhibitory  ami  lethal  eoneentrations  of  the  druffs  for 
the  oral  spirochetes.  Two  general  metluHls  were  n.sed :  (1)  Dark-field  exam¬ 

ination  for  viability  as  eviileneed  by  motility,  and  (2)  snbenltnre  into  drug 
free  medium.  In  the  ease  of  iienieillin,  I’enieillinase  (Sehenleyj  was  also  em¬ 
ployed  to  inaetivate  the  drug.  Ity  these  means  it  was  found  that  for  strepto- 
myein,  aureomyein.  ehloromyeetin  and  penieillin  the  lethal  eoiu’entration  at 
7  days  was  between  2  and  4  times  the  inhibitory  eoneentration.  In  the  drug 
titration  system  einjiloyed  this  would  mean  a  difTerenee  of  one  or  two  tubes. 
For  hydrogen  jieroxide  and  luimlon  the  lethal  and  inhibitory  endpoints  were 
the  same. 

SU.M  M.\KY 

A  number  of  drugs  were  tested  as  inhibitors  of  growth  of  thi’ee  strains 
of  B.  vincentii  and  three  strains  of  small  oral  treponemes  in  vitro.  Penieillin, 
bacitracin,  ehloromyeetin,  aureomyein,  streptomycin,  and  tyrothriein  inhibit 
growth  of  the  oral  spirochetes  within  concentration  ranges  that  can  be  readily 
attained  in  the  oral  cavity.  Sulpharsphenamine,  hydrogen  peroxide,  and 
lupulon  were  also  active.  Under  the  test  conditions  employed  notatin  was 
relatively  inactive. 

Drug  resistance  could  not  be  readily  induced  in  the  oral  spirochetes  and 
only  one  ‘‘spontaneously”  resistant  variant  appeared.  This  was  a  small  oral 
treponeme  that  was  streptomycin  resistant. 
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IMIOSPHATASK  AND  TDK  ORAL  A(*TIN()MY(’KS 

J.  KXXKVKK  AXI)  B.  \V.  WAKXKR 
University  of  Kansas  City,  School  of  Dentistry,  Kansas  City,  Mo. 

IT  IS  (|inte  probable  that  no  single  factor  is  entirely  responsible  for  the  for¬ 
mation  of  dental  ealenins;  more  likely,  an  inten>lay  of  several  is  involved. 
In  this  regard,  the  significance  of  bacterial  activity  has  Iwen  relatively  well 
established  but,  as  yet,  the  mechanisms  have  not  been  clarified. 

The  study  here  presented  has  been  concerne<l  with  the  phosphatase  activity 
of  oral  actimmiyces  and  their  possible  role  in  the  formation  of  calculus  deposits. 
The  work  was  based  upon  a  preliminary  report  (»f  this  nature  by  (Mtron.^ 

r.ITKRATfRK 

Reviews  embracing  the  various  schools  of  thought  concerning  calculus  for¬ 
mation  have  been  ])resented  by  Prinz,”  Tenenbaum  and  Karshan,"  Rosebury,*'^ 
dacobsen  and  Kesel,®  and  Hodge  and  Wah  Leung.'’ 

Naeslund*  was  among  the  first  to  observe  that  dental  calculus  containe<l 
large  numbers  of  long,  filamentous  microorganisms  and  indicated  that  some  of 
these  elements  were  actinomyces.  He  suggested  that  they  were  involved  in  the 
formation  of  calculus  by  attaching  to  the  tooth  surface  in  the  form  of  a  tenacious 
meshwork  and  causing  precipitation  of  inorganic  salts  into  this  stroma  by 
proteolysis.  Bibby*  showed  that  in  vitro  calculus  formation  did  not  occur  in 
the  absence  of  bacterial  activity.  However,  many  have  questioned  Naeslund  on 
the  proteolytic  capacity  of  the  actinomyces.  Roseburj'^®  wrote,  “An  alternative 
explanation,  involving  the  action  of  phosphatases,  may  perhaps  be  substituted 
for  the  doubtful  part  of  Naeslund  s  theory.  The  evidence  on  this  point,  how¬ 
ever,  is  incomplete  and  hardly  more  than  suggestive.”  Shortly  thereafter, 
CMtron®  demonstrated  that  two  strains  of  ActUwmyces  israeli  possessed  phos¬ 
phatase  activity. 

MATERIALS  AND  METHODS 

Eleven  strains  of  actinomyces  were  isolated  from  clinically  normal  mouths 
according  to  the  procedure  of  Ennever,  Robinson,  and  Kitchin.^  Each  was 
e.xamined  for  phosjihata.se  activity  by  the  culture  jilate  indicator  method  of 
Bray  and  King^  following  four  days  anaerobic  incubation  with  five  iH‘r  i*ent 
carbon  dioxide  at  35°  ('.  Tbe  phenolpbthalein  jiluisphate  used  was  prepared  as 
reported  by  King.^ 

RK-Sri-TS 

The  eleven  strains  of  actinomyces  studied  showcil  marked  phosphatase 
activity.  The  method  did  not  ])ermit  (jinuditation  of  the  activity  observed. 

Received  for  publication,  June  22,  1951,  . 
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DISCISSION 

Naesluiul**  believed  that  the  aetinomyees  exerted  a  dual  intluenee  on  the 
foimation  of  dental  calculus,  physically  affording  a  microbial  stroma  attached 
to  the  dental  surfaces,  and  chemically  inducing  the  precipitation  of  inorganic 
salts  into  this  framework  by  jiroteolysis.  The  physical  concept  has  been  well 
received,  but  the  jiroteolytic  potential  of  the  aetinomyees  has  been  (luestioned. 
The  initial  report  by  Citron^  and  the  results  of  this  present  study  give  credence 
to  Rosebury's*”  suggestion  that  the  chemical  influence  might  be  phosphatase 
activity.  However,  the  spectrum  of  phosphatases  produced  by  the  aetinomyees 
remains  unknown,  since  this  investigation  was  limited  to  the  observable  response 
of  iihenoljihthalein  phosphate,  as  substrate. 

'  SUMMARY 

1.  Eleven  strains  of  aetinomyees,  isolated  from  clinically  normal  mouths, 
were  jiositive  for  phosphatase  activity. 

2.  The  results  confirmed  the  earlier  preliminary  study  of  Citron  and  sub¬ 
stantiated  Rosebury  s  suggestion. 
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RADIOPACITY  OF  ORAL  STRUCTURES  AS  A  BASIS  FOR 
SELECTING  OPTIMUM  KILOVOLTAGE  FOR  INTRAORAL 
ROENTGENOGRAMS 

ARTHUR  H.  WUEHRMANN*  AND  WILLIAM  A.  CURBY 
Departments  of  Radiology  and  Oral  Physiology,  Tufts  College  Dental  School,  Boston,  Mass. 

CURRENT  roentgenographic  techniques  are  not  capable  of  producing  films 
which  give  suitable  representation  simultaneously  to  every  oral  structure 
on  the  film.  Enamel  is  usually  underpenetrated  or  soft  tissue  is  overexposed. 

It  would  be  valuable  to  obtain  a  single  film  technique  which  would  disclose  patho¬ 
logical  changes  in  all  the  oral  structures. 

This  goal  requires  a  knowledge  of  the  radiopacity  range  of  oral  structures. 
Measurements  of  this  range  should  be  carried  out  intraorally  in  order  to  repre¬ 
sent  oral  conditions  best.  Such  information  would  make  it  possible  to  predict 
what  kilovoltage  would  be  required  in  order  to  disclose  the  full  range  of 
radiopacity  existing  in  the  oral  cavity.  Essentially  this  requires  a  kilovoltage 
that  will  produce  penetration  of  the  maximum  thickness  of  enamel  without  over¬ 
exposing  the  minimal  thickness  of  soft  tissue. 

Most  clinicians  have  sho^\^l  a  preference  for  low  kilovoltage  techniques  from 
42  to  65  kilovolts.^  ®  Recently,  Fitzgerald'  has  advised  using  kilovoltages  higher 
than  this  and  has  given  demonstrations  of  the  effect  of  the  high  kilovoltage  tech¬ 
niques  on  intraoral  structures.  The  purpose  of  the  present  investigation  was 
to  try  to  specify  the  optimum  kilovolts  peak  (kvp)  more  accurately  and  to 
establish  this  optimum  by  physical  tests.  This  approach  required  knowledge  of 
the  radiopacity  range  of  oral  structures  from  enamel  to  soft  tis.sue. 

EXPERIMENT.\L  PROCEDURE 

The  x-ray  equipment  consisted  of  a  shockproof  full  wave  rectifier  having  a 
capacity  of  200  ma.  at  90  kvp  or  10  ma.  at  110  kvp.  It  was  equipped  with  a 
shockproof  transformer,  a  filament  standby  voltage  and  amperage  stabilizer 
accurate  to  ±  5  per  cent,  a  milliamperage  stabilizer  accurate  to  ±  10  per  cent, 
and  a  synchronous  timer  with  a  range  of  1/10  to  14  seconds  accurate  to  12  ±  1 
impulse  per  1/10  second,  as  checked  with  the  spinning  top.  The  x-ray  tula'  was 
a  shockproof,  oil  immersed,  air  flow,  double  focus  type  with  focal  spots  of  1.5 
and  3.8  mm.  Only  the  1.5  mm.  focal  spot  was  used.  The  output  of  the  machine, 
was  2.82  r  per  second  in  air  at  23  cm.  target  skin  distance,  70  kvp  and  10  ma.  with 
no  extrinsic  filtration.  Under  these  conditions  the  half  value  layer  (HVL)  in 
mm.  of  A1  was  0.8.  The  kilovoltage  as  recorded  on  the  prereading  primary  volt¬ 
meter  calibrated  in  kvp  to  include  line  drop  was  checked  at  date  of  installation 
and  following  completion  of  the  investigative  work.  It  was  found  to  he  both 
consistent  and  accurate.  In  a  like  manner  the  line  voltage  was  checked.  It  was 

Supported  by  contract  No.  VlOOlM-598  from  Veterans  Administration. 
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207  volts  with  no  juTceptihle  drop  at  10  nia.,  a  one  volt  drop  at  50  ma.  and  a  1.5 
volt  drop  at  KK)  ina.  The  above  values  were  obtained  at  60  kvp.  A  steel  exten¬ 
sion  eone  adjustable  to  lengths  of  11,  15,  and  18  inehes  with  an  opening  of  3 
inehes  was  used.  In  all  instanees  the  18  ineh  length  and  0.5  nim.  of  aluininuni 
nitration  were  used. 

The  film  emi)loyed  was  Kodak  ultra-speed  film  No.  4.  The  solutions  us<‘d 
were  of  a  standard  formula.  The  films  wqre  developed  at  5  minutes  at  65°  ± 
1°  F.  under  eonstant  agitation.  They  were  then  washed  for  a  minimum  of  30 
seconds  in  running  water,  fixed  for  15  minutes,  and  re-washed  for  20  minutes. 
The  films  were  processed  on  hangers,  agitated  by  hand  and  dried  in  air. 

An  intraoral  ivory  step-tablet  measuring  33  mm.  in  length  and  9  mm.  in 
width,  with  11  steps  measuring  1.5  mm.  in  thickness  except  for  the  first  step 
which  measured  4.5  mm.  was  used.  Ivory  was  .selectc<l  hecau.se  it  was  reported 
to  t)e  most  similar  to  dentin  in  composition.**  Film  density  rea<lings  were  taken 
with  a  model  500  Photovolt  Electronic  Photometer  using  a  No.  18  hyp<Klermic 
needle  as  the  tube  for  scanning.  The  area  of  coverage  was  0.6  mm.  in  diameter. 

RKSULTS 

The  general  purpose  of  the  first  pha.se  of  this  study  was  to  determine  under 
intraoral  conditions,  the  densities  of  the  various  dental  structures  in  terms  of 
known  thickness  of  ivory.  The  selection  of  the  proper  milliampere  second  (mas) 
for  different  kilovoltages  was  approximated  first  in  vitro  in  order  to  avoid 
overexposure  of  subjects.  Three  freshly  extracted  teeth  were  placed  on  ultra¬ 
speed  intraoral  film  with  the  ivory  step-tablet  and  exposed  at  kilovoltage  peaks 
ranging  from  110  to  35  kilovolts  at  different  milliampere  .second  exposures.  The 
re.sultant  films  were  evaluated  visually  under  standard  conditions  and  the  most 
suitable  mas  for  each  kvp  was  selected.  This  provided  a  basis  for  intraoral 
ex|>osures. 

In  the  intraoral  study,  the  side  of  the  step-tablet  lay  on  the  occlusal  surface 
of  the  teeth  with  the  film  in  its  usual  position.  The  intraoral  exposures  had  to 
l)e  increased  slightly  beyond  the  values  determined  extraorally  because  of  the 
density  of  the  soft  tis.sue  of  the  cheek.  Five  exposures  at  kilovoltages  ranging 
from  50  to  110  kilovolts  in  steps  of  15  were  made  on  six  patients  with  ultra¬ 
speed  film  using  the  mas  values  selected.  These  were  8  mas  at  110  kvp;  12.5  mas 
at  95  kvp ;  25  mas  at  80  kvp ;  40  mas  at  65  kvp ;  and  80  mas  at  50  kvp.  Readings 
were  made  on  several  areas  of  the  developed  film  including  enamel,  dentin,  pulp 
chambers,  interproximal  bone,  and  soft  tissue.  Readings  were  taken  using  the 
Photovolt  Electronic  Photometer  on  4  second  molars.  8  fii*st  molars.  7  premolai*s 
and  adjacent  bone  and  soft  tis.sue.  A  comparison  was  made  with  the  readings 
on  the  step-tablet  which  had  l)een  eximsed  simultaneously  on  the  siune  film. 

Table  I  shows  the  average  and  range  of  radiopacity  of  oral  structures  in 
terms  of  millimeters  of  ivory.  Metallic  restorations  and  enamel  have  radiopacity 
corresponding  to  over  19.5  mm.  of  ivory.  Soft  tissue  has  a  radiopacity  cor¬ 
responding  at  all  times  to  less  than  4.5  mm.  of  ivory.  The  minimum  radiopacity 
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of  oiianiol  and  dentin  are  similar  and  tlie  inaxinunn  radiopaeily  eould  not  be 
determineil.  Then'  were  many  more  readiy^s  of  enamel  above  19.5  than  there 
were  in  the  ease  of  dentin;  henee  the  average  differenee  between  enamel  and 
dentin  is  greater  than  is  shown  in  the  table.  The  i)ulp  ehambers  show  a  wide 
range  in  radiopaeity  from  4.5  to  15  mm.  of  ivory  beeause  of  the  eonsiderable 
variation  in  the  thicknes.ses  of  the  teeth  and  bone  through  which  the  ray  pene- 
tratetl.  There  is  also  a  wide  variation  in  the  radio])aeity  of  interi)roximal  bone. 
This  stejvtablet,  then'fore,  represents  the  minimum  ratige  in  radiopaeity  of 
ijitraoral  structures. 


T.\bi.k  I 

R.\mor.\eiTY  ok  Or.m.  Stkitti  rks  ix  Tk.rms  ok  Ivory  Thicknkssks 


1  MIM.IMKTK.RS  OK  IVORY 

TtlOTH  STRl'CTCRKS 

'  .WERACiK  1 

RANGE 

Metallic  restoration 

>19.5 

(>19.5) 

Enamel 

>1S.8 

(15  to  >19.5) 

Dentin 

>18.0 

(15  to  >19.5) 

Dento-enamel  junction 
Omento-enamel  junction  at 

18 

18  to  19.5) 

mesial  or  distal  margin 

15 

(12  to  1(5.5) 

Pulp-chamber  or  canal 

13 

(4.5  to  15.0) 

Interproximal  bone 

9 

((5  to  15.0) 

Soft  tissue 

<4.5- 

(<4.5) 

The  purpose  of  the  second  phase  of  this  study  was  to  si)ecify  the  oi)timum 
kv)t  ne<-es.sarY'  to  give  representation  of  all  tissues  on  the  same  radiograph.  It 
has  Ijeen  well  established  that  an  increase  in  kilovoltage  results  in  an  increase 
in  the  range  of  structural  density  which  can  be  demonstrated  on  one  film.”’ 
Knowing  the  minimal  density  range  of  oral  tissue  in  terms  of  mm.  of  ivory,  it  is 
I>os.sible  to  determine  the  kilovoltage  which  (under  conditions  of  varying  mas 
values)  allows  for  complete  coverage  of  all  tissue  density,  and  permits  clear 
visual  differentiation  between  adjacent  steps.  The  ivory  step-tablet  was  used 
exti-aorally  with  intraoral  film  to  demonstrate,  from  a  theoretical  standpoint, 
the  advantages  of  the  higher  kilovoltage  technique  under  conditions  which  are 
not  complicated  by  the  appearance  of  the  structures  involved.  The  step-tablet 
was  exposed  at  6  different  kilovoltages.  The  first  exposure  at  each  kilovoltage 
was  made  at  an  mas  value  designed  to  produce  equal  film  background  densities. 
These  were  4  mas  at  110  kvp;  6  mas  at  95  kvp;  10  mas  at  80  kvp;  15  mas  at  65 
kvp;  30  mas  at  50  kvp;  and  75  mas  at  35  kvp.  These  are  illustrated  in  the  top 
line  of  Fig.  1.  The  additional  exposures  as  seen  in  the  vertical  columns  were 
increastsl  50  jier  cent  over  the  exposure  of  the  film  directly  above.  The  back¬ 
ground  density  values  in  each  horizontal  row  were  taken  to  prove  ecpiality  of 
ex}x>sure. 

A  slit  1  mm.  wide  was  placed  over  each  tablet  and  10  observers  were  asked 
to  count  the  number  of  varying  <lensities  which  they  could  observe  in  each  hori¬ 
zontal  s<*ale,  regardless  of  the  width  of  the  areas.  It  was  nece.ssary  to  use  the 
1  mm.  slit  since  the  delineations  between  some  ste[)s  eould  readily  be  seen  and 
oliservei-s  could  use  these  as  a  cue  for  recognizing  transitions  from  one  step 
image  to  another.  When  the  film  being  viewed  was  restricted  to  a  1  mm.  width, 
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the  line  of  (lemareatioii  between  steps  could  not  be  observed  and  the  density 
differences  had  to  be  used  by  the  observer  in  estimatinjf  the  numl)er  of  steps 
seen.  It  is  the  author’s  impression  that  this  viewing  technique  permits  dif¬ 
ferences  in  thin  steps  to  be  distinguished  more  readily  than  would  be  possible 
in  the  intraoral  film  under  the  usual  viewing  conditions.  This  type  of  fallibility 
tends  to  detract  from,  rather^than  to  support,  the  chief  conclusion  of  this  study. 

Table  II  demonstrates  the  average  number  of  different  densities  which  could 
be  observed.  It  will  be  noted  that  the  number  of  perceptible  density  differences 
is  most  fre(|uently  greatest  at  95  kvp. 


Tabi.e  11 

AVEKA(!E  NrMHEK  OF  DiFFKRKNT  DeNSITIF.S  OBSERVED  UTII.IZIXG  VaRIOVS  KII.0V0I,TA0ES  WITH 
lAMiARITHMIC  INCREASES  IN  ILXPOSI  RE 


no 

1 

95 

1  «o  1 

1  65  i 

i  50 

'  35 

2.7 

.1.2 

3.2 

2.9 

2.4 

1.5 

4..3 

4.6 

4.5 

4.3 

3.3 

2.2 

6.2 

6.4 

5.6 

5.4 

4.8 

4.0 

8.1 

8.4 

8.4 

7.0 

6.4 

5.1 

9.6 

9.5 

9.1 

8.3 

8.1 

6.6 

10.2 

10..1 

10.5 

10.1 

9.5 

8.2 

Further  increases  in  mas  beyond  those  included  in  this  experiment  will 
raise  the  number  of  perce])tible  density  differences  for  the  low  kvp  range.  How¬ 
ever,  this  procedure  tends  to  “burn  out”  the  less  dense  areas,  and  despite  im¬ 
practical  and  lengthy  exposures,  produces  little  additional  penetration."  Fur¬ 
thermore,  in  the  low  kvp  range,  additional  increa.ses  in  mas  become  imprac¬ 
ticable  due  to  overheating  of  the  small  focal  tube,  the  necessity  for  multiple  ex¬ 
posure.  increa.sed  risks  of  movement  by  the  patient,  and  excessive  skin  radia¬ 
tion  dosage. 

SUMMARY 

The  density  of  oral  structures  in  terms  of  mm.  of  ivory  as  seen  on  the 
average  intraoral  film  varies  beyond  the  limits  of  19.5  and  4.5  mm.  of  ivory. 
These  may  properly  be  considered  the  minimal  range. 

If  the  quantity  of  radiation  can  be  critically  controlled  it  is  possible  to 
demonstrate,  at  kilovoltages  commonly  used  on  dental  x-ray  machines  (approxi¬ 
mately  65  kvp),  the  full  scale  of  ivory  thicknes.ses  varying  from  4.5  to  19.5  mm. 
Slight  variations  in  quantity  (mas)  result  in  either  overexposure  of  the  least 
dense  areas  or  underexposure  of  the  most  dense  areas.  If  the  density  range 
exceeds  the  limits  of  4.5  and  19.5  mm.  the  probability  of  full  coverage  is  further 
reduced. 

As  the  kilovoltage  is  increased  with  proper  decreases  in  mas  the  full  scale 
of  structural  density  can  be  seen  in  spite  of  considerable  variation  in  the  quan¬ 
tity  of  radiation.  This  greater  latitude  will  accommodate  densities  in  oral 
structures  beyond  the  range  of  4.5  and  19.5  mm.  of  ivory. 

On  the  basis  of  this  study  and  clinical  evidence  in  its  supptu't,  the  optimum 
kilovoltage  for  intraoral  radiography  appeal’s  to  be  90  to  95  kvp. 
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DluST  FACTORS  INVOLVKI)  TN  THE  USE  OF  THE 
AIRDENT  MA(^HINE 

MYRON  .T.  VAN  LEKIJW?]N,  A.B.,  D.D.S.,  AND  Al'OUHT  T.  KOHSANO,  JR.,  B.S.,  M.S. 
Harvard  School  of  Denial  Mcrlicine  and  Harvard  School  of  Public  HecUth,  Poston,  Mass. 

The  introduction  of  the  Airdent  machine  and  its  increasing  ii.se  by  the 
dental  profe.ssion  have  introduced  factors  not  previously  encountered  in 
dental  practice. 

Because  of  the  nature  of  the  cutting  agent,  i.e.,  i)articles  of  aluminum  oxide 
carried  by  a  stream  of  carbon  dioxide,  the  problem  of  recoverj'  of  the  spent 
powder  is  one  which  demands  considerable  attention. 

All  dusts  categorize  themselves  roughly  into  those  capable  of  producing 
pneumoconioses — the  toxic  dusts,  and  those  relatively  harmless  from  a  respira¬ 
tory  stand])oint — the  nontoxic  dusts.  Silica  is  a  well-known  example  of  a  toxic 
dust,  its  inhalation  ])roducing  silicosis. 

Inhalation  of  nontoxic  dusts,  such  as  aluminum  oxide,  exhibits  no  lung 
pathosis  but  should  be  controlled  because  of  “nuisance  characteristics.”  In 
industry,  the  upi)er  i)ermissible  limit  of  concentration  of  a  toxic  dust  such  as 
silica  is  usually  considered  to  be  5  MPPCF,*  while  the  upper  permissible  limit 
of  a  nontoxic  dust  is  50  MPPFF.  (’oncentrations  higher  than  50  MPPCF  are 
referred  to  as  “poor  housekeeping,”  and  reduced  concentrations  are  demanded 
in  order  to  (1)  keep  the  dust  out  of  the  eyes  of  the  worker;  (2)  maintain  good 
visibility  during  the  operation;  (3)  protect  delicate  machinery  from  dust 
abrasion  and  (4)  reduce  the  over-all  collection  of  dust  in  the  area. 

Preliminary  tests  witn  the  Airdent  maehine  were  carried  out  to  demon¬ 
strate  the  coneentration  of  aluminum  oxide  dust  that  accumulated  in  the 
atmosphere  during  eavity  i>reparation  on  a  patient.  The  over-all  elapsetl 
time  for  eaeh  preparation  was  approximately  six  minutes.  The  room  approxi¬ 
mated  the  average  dental  operating  room  in  size,  measuring  10  feet  long.  S 
feet  wide,  and  15  feet  high.  The  abrasive  du.st  used  in  the  Airdent  machine 
during  these  tests  was  aluminum  oxide  with  the  mean  particle  diameter  of 
about  40  fi  as  determined  on  the  microprojector.  This  is  well  above  the  size 
considered  injurious  from  a  respiratory  standpoint. 

Dust  counts  were  made  to  determine  the  relative  dustiness  of  the  air  in 
the  dentist’s  breathing  zone  and  in  the  general  room  during  a  typical  opera¬ 
tion  and  to  determine  the  efficacy  of  nnnlifications  in  the  dust  collection 
system.  A  Bausch  and  Eomb  du.st  counter  using  dark  field  was  employed. 

The  maximiun  permissible  co?icentration  for  continuous  exposure  to  50 
MPPFF  alrea<ly  referred  to  is  based  on  computation  by  the  light  fiehl  micro¬ 
scope  counting  techni<jue.  Since  dark-field  counting  invariably  yields  higher 
counts  because  of  improved  resolution,  it  may  be  assumed  that  the  counts 
obtained  in  these  tests  are  well  below  the  maximum  allowable  concentration. 

fur  publication.  .Vov.  19.  1951. 
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nrST  CMl'XTS  (  MIM.IOXS  of  CAKTH'I.FS  tfr  cvbic  foot  of  A1R> 

nFXTIST'S  BRFATIUXG  ZOXF 

MFAN  ROOM  CONCFXTRATION 

MARCH,  1951 

Average  cone.  20 

Max.  cone.  .10 

at  heginniiig  2.4 

at  eiml  0.1 

ArRii.,  1951 

Average  cone.  0.4 

Max.  eone.  12.0 

at  l>eginiiing  4.S 

at  enil  5.7 

It  was  noted  that  the  general  room  dustiness  inereased  during  the  o]>ern- 
tion  of  the  Airdent  maehine  for  sueeessive  tests.  We  »1o  t>ot  know  whether 
or  not  the  final  readinjrs  represented  equilibrium  eoneentrati(tns  beyond  whieh 
further  increases  would  be  unlikely.  This  is  a  function  not  only  of  the  leiiRih 
of  operation  but  also  of  the  general  room  ventilation. 

During  the  first  test  much  of  the  spent  abrasive  material  escaped  capture 
by  the  dust  removal  system  evidenced  by  the  higher  dust  counts  as  well  as  the 
deposition  of  large  quantities  of  dust  on  the  i)atient's  face.  In  the  second  test, 
two  modifications  were  made.  (11  The  placement  of  the  rubbor  dam  was  im¬ 
proved  to  cover  a  larger  area  of  the  iiatient's  face.  (2)  The  exhaust  duct  was 
fitted  \^ith  a  modified  inlet  hood.  The  results  indicate  that  these  changes  w’ere 
helpful  in  reducing  the  dust  level  in  the  dentist's  breathing  zone.  In  a<ldition, 
verj*  little  dust  was  deposited  on  the  patient’s  face.  The  results  are  given  in 
Table  I. 

The  improper  application  of  the  rubber  dam  is  ])robably  one  of  the 
greatest  causes  of  accumulation  of  dust  on  the  face  and  peiNon  of  the  patient. 
It  has  been  found  that  placing  the  upper  border  of  the  rubber  dam  slightly 
above  the  tip  of  the  nose  results  in  greatly  decreased  dust  accumulation  on  the 
y»atient*s  face.  At  the  present  time,  rubber  dam  holders  are  being  redesigned 
in  an  attempt  to  ascertain  if  improved  design  will  result  in  greater  efficiency  of 
dust  removal.  It  Ls  felt  that  in  order  to  minimize  even  further  the  nuisance 
properties  of  the  uncollected  dust,  additional  studies  are  indicated. 

Work  Ls  progressing  on  newly  designed  inlet  hoods.  A  further  hood 
modification  has  been  made  but  not  yet  tested.  It  is  felt  that  additional 
efficiency  can  be  brought  about  by  refinement  of  the  dust-collecting  mecha¬ 
nism.  Information  on  the  particle  size  distribution  of  dust  before  and  after 
use  would  W  of  great  interest.  In  addition,  the  type  and  performance  of  the 
air  cleaner  used  in  the  machine  shoubl  be  investigated  as  it  is  felt  that  a 
significant  amount  of  the  general  room  dustiness  may  be  due  to  the  escape  of 
the  finer  dust  particles  in  the  exhausterl  air. 

SUMMARY 

On  the  basis  of  dust  r^mnts,  particle  size,  and  comimsition,  it  is  felt  that  the 
normal  use  of  the  Airdent  machine  pres<*nts  little  health  hazard  to  j)atient  or 
dentist. 


TIIK  HAlTKKKMDAfi  ACTIOxN  OF  CERTAIN  ANTISEPTICS  ON 
THE  ORAL  BACTERIA 
l..  W.  HLANKTZ  AND  HAKKIKT  KKYNOF.DH 
From  the  lU  portmrnt  of  Uactrrinloffif,  Vnivf  rHity  of  Srw  Hampshire,  Durham,  S.  Jl. 

AS  NEW  antiseptic  agents  are  developed,  it  is  of  interest  to  test  their  value 
for  the  control  or  elimination  of  undesirable  bacteria  in  the  mouth.  The 
present  study  is  a  continuation  of  work  previously  reported’’  *  and  is  an  at¬ 
tempt  to  evaluate,  by  in  vivo  methods,  the  antibacterial  action  of  Cepacol* 
solution,  Cejiacol  troches,  penicillin  troches,  and  Cepacol-penicillin  troches  on 
oral  bacteria.  Listerine  ami  aureomycin  troches  were  also  included  for  com¬ 
parative  ]>urposes. 

METHODS 

Collection  of  Samples  From  the  Mo\ith. — Each  subject  chewed  a  small 
s(piare  of  paraflRn  ap])roximately  one-half  inch  in  size  for  a  3-minute  period, 
period.  At  30-second  intervals  duriiiR  this  period,  all  the  saliva  produced  was 
collected  in  a  sterile  30  mm.  by  100  mm.  sputum  bottle. 

Culture  Media  and  Plating  Technique. — A  blood  agar  medium  was  used  for 
counts  of  freneral  types  of  oral  bacteria  and  for  alpha  or  viridans  streptococci. 
This  medium  contained  2  per  cent  Difeo  tryptose,  0.1  per  cent  glucose,  0.5  per 
cent  sodium  chloride,  2  ])er  cent  agar,  and  5  per  cent  citrated  sheep  blood,  and 
was  adjusted  to  pll  7.0.  For  the  determination  of  the  number  of  oral  lacto- 
bacilli,  the  saliva  samples  were  plated  in  tomato  juice  agar  adjusted  to  pH 
4.8  (with  lactic  acid)  containing  40  per  cent  filtered  tomato  juice,  1  per  cent 
Difeo  peptone,  1  per  cent  Difeo  peptonized  milk,  and  2  per  cent  agar.  The 
number  of  fusiform  bacteria  was  determined  by  plating  the  samples  in  crystal 
violet  potato  extract  agar  containing  2.0  per  cent  Difeo  tryptose,  0.3  per  cent 
Difeo  beef  extract,  0.05  per  cent  cysteine  HCl,  0.1  per  cent  glucose,  10  per  cent 
potato  extract,  and  2  per  cent  agar  at  a  pH  of  7.4.  Before  pouring  into  plates, 
crystal  violet  was  added  to  make  a  1 :15,000  concentration. 

Before  plating,  all  saliva  samples  were  first  adjusted  to  a  total  volume  of 
20  ml.  using  a  phosphate  buffer  solution  containing  Tween  80  and  lecithin. 
The  sam])les  were  then  shaken  on  a  Kahn  shaking  machine  for  10  minutes 
before  further  dilutions  were  prepared.  The  phosphate  buffer  diluent  employeil 
was  similar  to  that  recommended  in  methotls  for  the  determination  of  the  numl)er 
of  bacteria  on  eating  utensils.  The  stock  solution  contained  34  (Im.  of  potas¬ 
sium  dihydrogen  phosphate  in  825  ml.  of  distilled  water  and  175  nd.  of  normal 
sodium  hydroxide  solution.  The  final  diluent  was  pre])ared  by  adding  1  ml.  of 
this  solution  to  800  ml.  of  distilled  water  and  sterilizing  in  desired  quantities. 

To  eliminate  the  bacteriostatic  action  of  any  t'epacol  that  might  be  pres¬ 
ent  in  saliva  samples  collected  soon  after  medication.  Tween  80  and  lecithin 
were  added  to  the  ])hosphate  buffer  solution  used  to  adjust  the  samples  to  the 
20  ml.  volume.  This  solution  was  prepared  by  adding  t).07  per  cent  lecithin 

for  publicHtion  April  7,  15*51.  HfvlKod.  SfptenibtM'  14.  15*51. 
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and  0.5  per  cent  Tween  80  to  the  standard  phosphate  buffer  diluent,  boilinfj 
for  5  minutes  and  sterilizing.  The  eoneentration  of  Tween  80  and  leeithin 
used  was  that  recommended  by  Quisno,  (tibby  and  Foter.^  Addition  of  leeithin 
and  Tween  80  in  the  ab.ove  concentrations  to  the  blood  agar  base  re.sulted  in 
hemolysis  of  the  blood  when  the  ])lates  were  incubated  and  thus  cannot  be  used 
directly  in  the  medium. 

All  sami)les  were  plated  in  the  tryptose  glucose  blood  agar  using  dilu¬ 
tions  of  1:10,000,  1:100,000,  and  1:1,000,000.  Occasionally  the  1:1,000,000 
dilution  was  omitted  when  certain  medications  had  been  administereil  ])rior 
to  the  collection  of  the  samples.  For  lacobacilli  counts,  dilutions  of  1  :100  and 
1:1000  were  prepared  in  tomato-juice  agar  and  the  plates  were  placed  in  Jars 
in  an  atmosphere  of  10  ])er  cent  ('(K.  Dilutions  of  1  :50  and  1  :100  were  em- 
])loyed  for  the  estimation  of  the  luunber  of  fusiform  bacteria  ami  the  plates 
incubated  in  Jars  under  comjilete  anaerobic  conditions.  Duplicate  i)lates  were 
prepared  for  all  dilutions  and  all  cultures  were  incubated  at  35°  ('.  for  48 
hours. 

Treatment  Schedule. — The  subjects  used  in  this  study  ranged  in  age  from 
IT  to  45  years,  the  majority  being  college  students.  Two  methods  of  a<lmin- 
istering  and  evaluating  the  anti.septic  action  of  the  test  agents  were  em¬ 
ployed. 

One  method  was  arranged  to  determine  the  action  of  Cepacol  solution, 
Cepacol  troches,  penicillin  troches,  and  Cepacol-penicillin  troches  on  the  oral 
bacteria  when  used  daily  for  a  5-day  period.  During  the  first  week  of  the 
tests,  each  subject  rinsed  his  mouth  with  a  control  Fe])acol  solution  morning 
and  night  following  the  regular  brushing  of  the  teeth  or  dis.solved  3  control 
Fepacol  troches  in  the  mouth  each  day,  1  about  y>  hour  after  eaeh  meal. 
During  the  following  week,  each  subject  followed  the  above  program  but 
used  the  active  or  regular  ('ei)acol  solution,  Fepacol  troche,  penicillin  troche 
or  (’epacol-i)enicillin  troche  ])re])arations.  Saliva  samples  were  collected  from 
each  subject  at  9  or  10  daily  starting  1  day  after  the  medications  were  first 
used. 

The  control  Cepacol  solution  and  control  Cepacol  troches  contained  all  the 
ingredients  of  the  active  or  regular  preparations  except  the  Ceepryn  chloride. 
The  j)enicillin  troches  (Lilly)  contained  5000  units  of  crystalline-potassium 
penicillin  C  and  the  Cei)acol-i)enicillin  troches  contained  the  same  type  and 
amount  of  ])enicillin  plus  1  :i500  Ceepryn  chloride.* 

A  second  treatment  schedule  was  arranged  to  test  the  more  immediate 
effect  of  the  antiseptic  agents  on  the  oral  bacteria.  For  this  jmrpose,  sami)les 
were  collected  from  each  subject  at  10  a.m.  before  medication  and  then  1.  2, 
and  4  or  5  hours  following  implication.  Thus,  any  changes  in  the  number  of 
oral  bacteria  coubl  be  compared  to  the  number  found  in  the  10  a.m.  sample. 
The  number  of  oral  bacteria  was  based  on  total  counts  on  blood  agar  and  on 
counts  for  alpha  strejitococci,  lactobacilli,  and  fusiform  bacteria. 

The  treatment  schedule  for  this  .series  of  experiments  was  as  follows: 
On  Tuesday  and  Thur.sday  of  each  week  the  subjects  i-insed  their  mouths  for 
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I  niinutt*  with  10  ml.  of  the  control  (Vpacol  solution  or  with  10  ml.  of  sterile 
water.  On  Wednesday  and  Friday  these  sul).jects  rinsed  their  mouths  in  a 
similar  manner  usinj?  the  refjular  (Vpacol  .solution  or  histerine.  Another 
{frouj)  of  suh.jects  dissolved  control  troches  in  their  mouths  followiu};  the  10 
A.M.  sample  on  Tuesday  and  Thursday  and  di.ssolved  reffular  (Vpacol  troches 
or  Aureomycin  troches  in  the  mouth  on  Wednesday  and  Friday.  The  control 
(V])acol  and  reffular  (Vi)acol  preparations  were  the  same  as  those  previously 
described.  The  Listerine  was  used  undiluted  and  the  aureomycin  troches  con¬ 
tained  15  m^.  of  aureomycin.* 

(Vntrols  were  prepared  to  determine  whether  any  of  the  test  substances 
might  be  iiresent  in  sufficient  concentration  in  the  saliva  samples  to  inhibit  the 
growth  of  the  bacteria  in  the  blood  or  tomato  juice  agar  jilates.  Thus,  control 
])lates  were  prei)ared  by  mixing  suitable  dilutions  of  saliva  from  a  test  sub¬ 
ject  with  the  saliva  from  a  subject  receiving  no  medication,  ('ounts  on  such 
plates  were  then  compared  to  those  obtained  when  the  saliva  samples  from 
these  subjects  were  plated  out  sei)arately.  (Vunts  were  also  made  on  the 
samples  immediately  after  collection  and  5  hours  later  to  determine  whether 
any  bactericidal  action  had  occurred  on  standing  when  held  at  8°  C. 

RESULTS 

When  the  test  medications  were  emi)loyed  twice  daily  over  a  5-day  period 
a  very  marked  reduction  in  the  numbers  of  oral  bacteria  generally  occurred. 
A  group  of  8  to  15  subjects  was  used  for  testing  each  antiseptic.  As  com¬ 
pared  to  the  average  normal  count,  reductions  in  numbers  based  on  the  total 
count  on  blood  agar  averaged  5)4.8  to  5)9.5  i)er  cent  for  (Vpacol  solution,  87.2  to 
5)5)  per  cent  for  the  (Vpacol  troches,  0  to  5)9. (i  per  cent  for  i)enicillin  troches, 
and  74.()  to  5)9.5)  i)er  cent  for  the  ( Vpacol-penicillin  troches.  Exami)les  of  the 
results  obtained  for  some  of  the  subjects  are  given  in  Table  1. 

Two  subjects  using  i)enicillin  troches  showed  essentially  no  reduction  in 
the  numbers  of  bacteria  on  the  basis  of  the  blood  agar  counts.  This  was  due 
to  the  development  in  the  mouth  of  dram  negative  bacteria  identified  as 
Aerohacter  aerogenes  which  were  resistant  to  the  penicillin.  These  organisms 
appeared  on  the  third  day  following  medication  with  the  i)enicillin  troches. 
The  alpha  streptococci,  lactobacilli  and  fusiform  bacteria  were  greatly  reduced 
in  numbers  or  eliminated  from  the  mouths  of  these  two  subjects.  It  was  ob¬ 
served  that  in  all  .subjects  taking  the  troches  containing  penicillin,  the  num¬ 
bers  of  all  types  of  bacteria  were  extremely  low  on  the  first  and  second  days 
of  the  test  period.  On  the  third  day,  new  types  of  organisms  appeared  in  the 
samples  from  some  of  the  subjects.  Monilia  appeared  in  4  subjects.  A.  aero¬ 
genes  in  2  subjects.  Neisseria  organisms  in  1  subject,  and  Serratia  marcescens 
in  1  subject. 

Reductions  in  the  numbei’s  of  alpha  streptococci  in  the  test  subjects  aver¬ 
aged  95  to  99.6  per  cent  for  the  (V])acol  solution,  92  to  99.4  per  cent  for  the 
(Vi)acol  troches,  5)2.5  to  100  per  cent  for  the  penicillin  troches  and  94  to  KK) 
per  cent  for  the  (Vpacol-penicillin  troches.  The  Jiumbers  of  alpha  strepto¬ 
cocci  in  the  saliva  samples  of  the  test  subjects  averaged  217.8  million  before 
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Redi  ctiox  IX  Ni  mbers  (le  Oral  Bacteria  Following  Daily  Fse  oe  Test  Meoications  for 

A  Five-Day  Period 


- -  - 

COCNT  DI  RING 

AFFROXIMATE 

NORMAL  OR 

rSE  OF 

PER  CENT 

medication 

Sl'BJECT 

CONTROL  COl'NT 

MEDICAMENT 

REDl’CTlON 

2 

159.8 

5.6 

96.4 

Mouth  rinsed  with  10  ml.  of 

3 

206.3 

6.5 

96.8 

Cepacol  for  1  minute  follow- 

4 

108.3 

4.2 

96.1 

ing  brushing  of  teeth  morn- 

5 

138.0 

1.3 

98.9 

ing  and  night 

0 

165.1 

7.5 

95.4 

9 

180.5 

0.8 

99.5 

10 

14.5 

1.0 

92.5 

11 

13.5 

1.7 

87.2 

3  Cepacol  Troches  daily,  1  ap- 

12 

202.6 

1.1 

99.5 

proximately  Vj  hour  after 

13 

108.5 

1.4 

98.6 

each  meal 

14 

185.0 

2.4 

98.6 

17 

454.0 

5.2 

99.0 

Di 

163.4 

0.8 

99.4 

3  Penicillin  Troches  (5000 

.To 

73.8 

127.9 

0 

units  per  troche)  dailv,  1 

Rob 

19.5 

4.3 

78.0 

approximately  14  hour  after 

Rol 

80.6 

10.1 

87.5 

each  meal 

F 

578.0 

6.0 

99.0 

L 

476.0 

2.1 

99.6 

Re 

129.4 

2.1 

98.3 

3  Cepacol-Penicillin  Troches 

SI 

89.3 

22  7 

74.6 

(5000  units  Penicillin  per 

Ho 

110.2 

9.9 

90.9 

troche)  dailv,  1  approx- 

Ya 

156.8 

10.7 

9.3.1 

imatelv  ^  hour  after  each 

Sa 

303.5 

7.1 

97.7 

meal 

S 

283.4 

16.8 

94.1 

Numbers  Ii8te<l  in  millions  and  represent  an  average  of  the  counts  obtained  on  blood 
agar  each  day  during  the  5-day  control  and  the  5-day  medication  period.  Samples  were  col¬ 
lected  dally  at  9  or  10  a.m. 


and  5.8  million  during  the  use  of  Cepacol  solution,  173  million  before  and  3.0 
million  during  the  use  of  Cepacol  troches,  165.6  million  before  and  0.7  million 
during  the  use  of  penicillin  troches,  and  170  million  before  and  0.9  million  dur¬ 
ing  the  use  of  Cepacol-penicillin  troches.  While  large  numbers  of  alpha  strep¬ 
tococci  were  normally  present  in  the  mouths  of  all  subjects  tested,  their  elim¬ 
ination  or  reduction  by  the  above  antiseptics  was  greater  and  more  consistent 
than  for  any  of  the  other  types  of  oral  bacteria. 

The  reductions  obtained  in  the  numbers  of  oral  lactobaeilli  were  quite 
variable,  ranging  from  81.5  to  99  per  cent  for  the  Cepacol  solution,  64  to  98.6 
per  cent  for  the  Cepacol  troches,  0  to  100  per  cent  for  the  penicillin  troches, 
and  0  to  UX)  per  cent  for  the  Cepacol-penicillin  troches.  Examples  of  the  re¬ 
sults  obtained  for  some  of  the  subjects  are  given  in  Table  II.  In  the  majority 
of  subjects,  a  definite  reduction  in  the  number  of  oral  lactobaeilli  occurred 
following  the  use  of  the  medicaments.  No  definite  explanation  for  the  poor 
results  obtained  for  some  of  the  subjects  is  available  at  this  time. 

The  reductions  obtained  in  the  numbers  of  fusiform  bacteria  were  also 
somewhat  variable,  ranging  from  0  to  100  per  cent  for  the  jienicillin  troches 
and  51.7  to  IW  per  cent  for  the  Cepacol-penicillin  troches.  In  the  majority  of 
subjects,  however,  a  marked  reduction  did  occur,  the  numbers  in  the  saliva 
samples  of  the  test  subjects  averaging  60,3(K)  before  and  2,500  during  the  use 
of  penicillin  troches  ami  99,700  before  and  3,200  iluring  the  use  of  Cepacol- 
penicillin  troches.  I'he  bactericidal  action  of  Opacol  solution  and  the  Cepacol 
troches  on  the  fusiform  bacteria  was  not  tested. 
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In  considering  the  figures  presented  above  for  the  reductions  in  numbers 
of  oral  bacteria  following  the  use  of  the  test  antiseptics,  it  should  be  noted  that 
the  samples  were  collected  2  to  3  hours  after  the  antiseptics  were  used  each 
morning;  also  that  the  bacterial  counts  for  each  subject  were  based  on  an 
average  of  the  daily  counts  obtained  during  the  5-day  test  period  and  repre¬ 
sent  the  number  of  bacteria  in  the  total  saliva  sample. 


Table  II 

Reim’(’ti(»n  in  Ncmbers  of  Oral  Lactobacilli  Following  Daily  Usf,  of  Tf..st  Mekications 

FOR  A  Five-Day  Period 


medication 

SCBJECT  1 

NORMAL  OR  ] 
CONTROL  COrXT 

COCNT  DI  RING  I 
rSE  OF 

MEDICAMENT 

APPROXIM.XTE 

PFJl  CENT 
REDI'CTION 

2 

1,. 300.0 

36.0 

97.0 

Mouth  rinsed  with  10  nd.  of 

3 

3,1.30.0 

481.2 

84.5 

Cepacol  for  1  minute  follow- 

4 

670.0 

0.5 

99.9 

ing  brushing  of  teeth  morn- 

5 

1,317.0 

243.6 

81.5 

ing  and  night 

t) 

2,672.0 

20.0 

99.0 

9 

1,. 340.0 

68.0 

95.0 

10 

968.5 

.39.6 

95.9 

3  Cepacol  Tro<*hes  daily,  1  ap¬ 
proximately  Vj  hour  after 
each  meal 

11 

12 

13 

14 

240.0 

1,330.0 

990.0 

1,858.0 

164.2 

.395.0 

223.8 

12.2 

64.0 

70.5 

77.4 

93.5 

17 

1,296.0 

69.7 

94.6 

Di 

3,382.0 

1,6.54.0 

51.0 

3  Penicillin  Troches  (5000 

Jo 

16.2 

0 

100 

units  per  troche)  daily,  1 

Rob 

11.0 

3.3 

70.0 

approximately  Mi  hour  after 

Rol 

1,031.7 

2.1 

99.8 

each  meal 

F 

178.0 

186.0 

0 

L 

356.3 

113.3 

68.2 

3  Cepacol-Penicillin  Troches 
(5000  units  Penicillin  per 
troche)  daily,  1  approx¬ 
imately  hour  after  each 

meal 

Re 

SI 

Ho 

Ya 

Ba 

s 

1,494.0 

1,265.0 

.381.4 

162.6 

96.0 

3,098.3 

0 

148.0 

52.5 

2.0 

171.2 

.345.7 

100 

88.3 

86.2 

98.7 

0 

88.8 

Numbers  listed  in  thousands  and  represent  an  average  of  the  counts  obtaine<i  each  day 
<luring  the  5-day  control  and  the  5-day  medication  periwl.  Samples  were  collected  daily  at  9 
or  10  A.M. 


Counts  were  made  on  samples  obtained  from  the  test  subjects  5  days,  3 
weeks,  and  4  weeks  after  the  test  antiseptics  were  discontinued.  In  general, 
the  numbers  of  oral  bacteria  were  still  appreciably  reduced  5  days  after  dis¬ 
continuing  the  medications  but  they  then  returned  to  approximately  the 
original  number.  However,  for  several  subjects  the  numbers  still  appeared  to 
be  low  after  3  or  4  w'eeks.  Tests  w’ere  also  made  to  determine  whether  com¬ 
mercial  tooth  powder  or  paste  might  interfere  with  the  action  of  the  Cepacol. 
No  inactivating  action  could  be  demonstrated  when  the  subjects  brushed  their 
teeth  wdth  such  preparations  before  the  use  of  the  Cepacol  solution  or  troches. 
Also,  no  evidence  was  obtained  which  would  imlicate  that  any  of  the  anti¬ 
septics  were  present  in  the  saliva  samples  in  sufficient  concentration  to  inhibit 
or  kill  the  bacteria  present. 

The  following  results  were  obtained  when  saliva  samples  were  collected 
2  hours  after  the  use  of  control  preiiarations  (placebos).  Cepacol  troches, 
aureomycin  troches,  Cepacol  solution,  and  liisterine.  A  group  of  S  to  15  sub¬ 
jects  w’as  again  used  for  testing  each  antiseptic. 
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Xo  regular  or  markeil  deerease  iu  niiinliers  of  oral  bacteria  was  obtained 
when  the  control  ])rei)arations  (placebos)  were  used.  In  the  majority  of  cases, 
the  12  A.M.  samples  showed  a  definite  increase  in  numbers  when  total  counts 
on  blood  agar  and  counts  for  alpha  streptococci  were  made.  The  counts  for 
laetobaeilli  were  more  variable,  the  12  a.m.  samples  often  showing  a  deerease 
even  when  the  control  ]>reparations  were  \ise<l. 

T.vbi.e  III 


OUAXdES  IN'  THE  Xl  MBER  OE  OKAI.  BaCTERIA  AkTEK  TsE  OE  TE.ST  MEBUWTIOXS 


SCBJECT 

COrXT  2  HR. 
COrXT  AT  AETER 

10.\.M.  MEPICATIOX 

APCROX. 

PER  CENT 

CHANGE 

cor  XT  AT 
10  .A.M. 

,  corxT  2  HR.  1 
AETER 

MEPICATIOX  1 

APPROX. 

PER  CENT 

CHANGE 

Medication :  1  Control  Troche 

1  ('epae'ol  Troche 

11 

664.2  700.5 

+  0.4 

792.5 

143.9 

-81.9 

B 

545.5  .-^28. 7 

-  .19.8 

.169.5 

51.8 

-77.8 

Re 

149.5  284.8 

+  90.5 

106.0 

1.5.8 

-85.1 

Medication  :  1  Control  Troche 

1 

.4 ureom vein  T roche 

s 

56.6  65.8 

+  16.2 

150.2 

84.8 

-43.5 

H 

85.2  96.7 

+  1.1.4 

127.2 

18.7 

-85.2 

.T 

4.2  .18.9 

+826.0 

7.1.0 

,5.8 

-92.1 

Medication:  Control 

Solution 

Cepaeol  Solution 

H 

.199.5  .187.2 

-  .1.0 

270.5 

122.5 

-54,7 

L 

110.7  203.7 

+  84.9 

89.6 

24.4 

-72.7 

8 

144.8  528.0 

+264.6 

279.8 

45.6 

-83.7 

Medication :  Control 

Solution 

Listerine 

B 

97.5  1.18.2 

+  41.7 

78.5 

32.3 

-oTTo 

A 

202.8  751.0 

+270.3 

175.5 

21.1 

-.10.9 

G 

104.8  82.1 

-  21.6 

120.0 

1.10.5 

+  7.9 

Nunibtrs  listed  in  millions  and  represent  an  average  of  2  to  4  counts  made  on  blood  agar 
on  different  days.  Samples  collected  at  10  A.M.  before  medication  and  at  1 2  A.M.,  2  hours  after 
medication. 


As  eonijiared  to  the  nnmbei’s  present  in  the  10  a.m,  samples,  the  reduction 
in  numbers  of  bacteria  based  on  counts  on  blood  agar  averaged  47  to  90  per  cent 
for  the  ('ejiaeol  troches,  43  to  92  per  cent  for  the  anreomyein  troches,  10  to  90 
jier  cent  for  the  Cejiaeol  .solution,  and  0  to  74  jier  cent  for  the  Listerine.  Ex¬ 
amples  of  the  results  obtained  for  some  of  the  subjects  are  shown  in  Table  111. 
Keduetions  in  the  number  of  aljiha  strejitoeoeei  averaged  40  to  91  jier  cent  for 
the  ('ejiaeol  troches.  39  to  90  jier  cent  for  the  anreomyein  troches,  21  to  90  jier 
cent  for  the  Cepaeol  solution,  and  0  to  90  jier  cent  for  the  Listerine.  Two  sub¬ 
jects  dissolving  2  Cepaeol  lozenges  in  the  mouth  showed  decreases  of  97  and 
9fi  jier  cent  in  the  total  numbers  of  bacteria  on  the  blood  agar  plates  and  98 
and  97  per  cent  in  the  numbers  of  alpha  streptococci.  All  the  above  decreases 
are  perhaps  more  significant  if  one  considers  the  fact  that  for  many  of  the 
subjects  a  definite  increase  in  numbers  of  bacteria  would  have  occurred  fol¬ 
lowing  the  10  A.M.  sampling  jieriod. 

The  reiluction  in  numbers  of  bacteria  obtained  1  hour  and  4  or  5  hours 
after  medication  was  similar  to  that  obtained  2  hours  after  medication.  In  a 
few  cases,  the  jier  cent  ilecrease  was  somewhat  less  after  the  4  or  5  hour 
perioils.  On  certain  days,  some  of  the  subjects  occasionally  showed  no  reduc¬ 
tion  in  numbers  of  oral  bacteria  and  such  results  lowereil  the  average  ])er  cent 
reduction  for  the  o-day  test  period. 

The  numbers  of  oral  laetobaeilli  varieil  considerably  on  different  days 
and  no  marked  bactericidal  action  of  the  test  agents  was  evident.  This  was 
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partially  <Iue  to  the  fact  that  a  reduetioii  in  the  numbers  of  oral  lactobacilli 
apparently  oeeurred  durinf;  the  10  a..m.  to  12  a.m.  test  perio<l  even  when  the 
eontrol  i)reparations  were  used.  Further  studies  are  being  made  to  determine 
whether  this  is  a  normal  or  regular  fluctuation  in  the  numbers  of  these  or¬ 
ganisms  oeeurring  in  the  mouth. 

No  irritation  was  reporte<l  following  the  use  of  the  test  antiseptics,  al¬ 
though  a  few  subjects  rej)orted  that  the  Fepacol  i)reparations  did  cause  some 
loss  of  taste  sensitivity  for  a  short  period  of  time.  One  subject  was  found  to 
be  allergic  to  penicillin  and  thus  could  not  be  administered  the  ])enicillin 
troches. 

su.mmary 

The  daily  u.se  of  Cepacol  solution.  Fepacol  troches,  penicillin  troches  or 
( 'epacol-penicillin  troches  i)roduced  a  marked  reduction  in  the  number  of 
oral  bacteria,  including  the  alpha  streptococci,  lactobacilli,  and  fusiform  bac¬ 
teria.  When  penicillin  was  used.  i)enicillin  resistant  bacteria  and  yeast  ap¬ 
peared  in  the  mouth,  sometimes  in  large  numbers.  The  addition  of  (’eei)ryn 
chloride  to  the  penicillin  (('ei)acol-i)enicillin  troche)  appeared  to  prevent,  to 
some  extent,  the  development  of  such  organisms. 

Definite  decreases  in  the  numbei*s  of  oral  bacteria,  particularly  alpha 
streptococci,  were  obtained  when  samples  were  tested  1,  2.  and  4  or  5  houi-s 
after  dissolving  a  Cepacol  or  Aureomycin  troche  in  the  mouth  or  after  rinsing 
the  mouth  with  10  ml.  of  Cepacol  solution  or  Listerine  for  1  minute.  The 
Cepacol  troches  api)eared  to  ])roduce  greater  reductions  than  the  Cepacol  solu¬ 
tion  and  the  Cepacol  solution  was  more  effective  than  the  Listerine.  Under  the 
conditions  of  the  above  tests,  the  reductions  in  numbers  of  oral  lactobacilli 
following  the  use  of  the  test  medications  varied  with  the  different  subjects 
and  the  results  were  inconclusive.  It  is  interesting  to  note  that  greater  reduc¬ 
tions  in  the  oral  flora  occurred  in  the  2  subjects  dissolving  2  Cepacol  troches 
in  the  mouth  at  one  time. 

Considerable  variation  was  found  in  the  numbers  of  oral  bacteria  present 
in  the  saliva  samples  from  certain  subjects  when  taken  on  different  days.  This 
is  perhaps  to  be  exi)ected  with  the  uncontrollable  conditions  that  may  occur 
in  the  mouth  from  day  to  day.  However,  this  complicates  the  study  of  oral 
antiseptics  by  in  vivo  methods  and  makes  it  highly  desirable  that  an  average 
of  several  tests  on  different  days  be  obtained  in  attempting  to  evaluate  the 
bactericidal  action  of  antiseptics  on  the  oral  bacteria. 

The  authors  wish  to  express  their  appreciation  to  Dr.  Clara  H.  Bartle.v,  .Assistant 
Professor  of  Bacteriology,  University  of  New  Hampshire,  for  her  technical  assistance  ami 
advice  with  certain  phases  of  this  study. 
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END-POLNT  STUDY  OF  BACTERICIDAL  EFFECT  OF 
ANTIBIOTICS  USED  IN  ENDODONTICS 

LOUIS  I.  GROSSMAN  AND  CONSTANCE  K.  CHRISTIAN 

« 

From  the  Orat  Medienne  Department,  School  of  Dentistry,  University  of  Pennsylvania, 

Philadelphia,  Pa. 

ONE  OF  the  characteristics  of  antibiotics  is  their  specificity  of  action,  i.e., 
they  seem  to  have  a  specific  destructive  effect  against  some  organisms  and 
will  have  little  or  no  effect  upon  others.  For  example,  penicillin  is  effective 
against  most  gram-positive  organisms  and  practically  ineffective  against  gram¬ 
negative  organisms,  while  streptomycin  will  destroy  many  gram-negative  organ¬ 
isms  and  is  helpless  against  most  gram-positive  organisms.  The  older  antiseptics, 
including  those  used  in  root  canal  treatment,  were  nonspecific  in  their  effect  and 
generally  destroyed  organisms  without  regard  to  gram  differentiation.  Because 
of  the  selective  action  of  antibiotics,  it  might  be  well  to  examine  the  types  of 
organisms  commonly  isolated  from  infected  root  canals. 

A  survey  of  the  organisms  recovered  in  our  laboratory  from  more  than  1,000 
cases  of  pulpless  teeth  (Table  I)  shows  that  77  per  cent  were  gram-positive 
(chiefly  streptococci);  5  per  cent  were  gram-negative  organisms;  and  16  per 
cent  were  yeasts  (chiefly  Candida  albicans).  The  important  organisms,  both 
from  the  standpoint  of  frequency  of  isolation  and  pathogenicity,  can  be  said 
to  be  as  follows:  streptococci  and  staphylococci  as  representatives  of  gram¬ 
positive  organisms;  coliform  organisms  as  representative  of  the  gram-negative 
group ;  and  C.  albicans  as  representative  of  yeast  organisms. 

In  vitro  tests  were  run  to  determine  the  end  point  at  which  three  antibiotics, 
namely,  penicillin,  bacitracin  streptomycin  and,  in  addition,  caprylate  sodium 
are  bactericidal  against  a  number  of  varied  organisms  isolated  from  infected 
root  canals.  The  organisms  used  in  the  study  were:  (1)  alpha  streptococcus 
(mitis) ;  (2)  beta  streptococcus;  (3)  S.  fecalis;  (4)  S.  aureus;  (5)  S.  albus; 
(6)  J?.  coli;  and  (7)  C.  albicans. 

MATERIALS  AND  METHOD 

Drugs. — Dilutions  of  the  drugs  to  be  tested  were  prepared  in  brain  heart 
infusion  broth  (Difco)  as  follows: 

Penicillin  (crystalline  G)  in  units  per  ml.:  500,  300,  100,  50,  25,  12.5  6.25 
Bacitracin  in  units  per  ml.,  500,  400,  300,  200,  100,  50,  25,  12.5  and  6.25 
Streptomycin  (calcium  chloride  complex) — 0.25  per  cent,  0.1  per  cent,  0.05  per 
cent,  0.025  per  cent,  and  0.012  per  cent  concentrations  were  prepared. 
Caprylate  sodium — 33  per  cent,  20  per  cent,  10  per  cent,  5  per  eent,  0.8  per  cent, 
0.5  per  cent,  0.3  per  cent,  0.1  per  cent  and  0.01  per  cent  concentrations  were 
tested. 

Microorganisms. — Dilutions  ranging  from  10'^  to  10  '  were  prepared  from 
24  hour  broth  cultures,  as  follows:  alpha  streptococcus;  beta  streptococcus. 

Received  for  publication.  Sept.  11,  1951. 
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Table  I 

Types  op  Organisms  Isolated  From  Root  Canals 


GRAM-POSITIVE 


Cocci 

Streptococcus 

alpha 

289 

beta 

8 

gamma 

53 

enterococci 

46 

Staphylococcus 

albus 

157 

aureus 

4 

citreus 

8 

Pneumococci  (?) 

128 

Sarcina  lutea 

.3 

Gaffkva  tetrageiia 

1 

Bacilli 

Bacillus  subtilis 

49 

Bacillus  buccalis 

20 

Unidentified  bacilli 

14 

Cornybact.  pseudodiph. 

5 

Lactobacilli 

3  788  (77.4%) 

GRAM-NEGATIVE 

Cocci 

M.  catarrhalis 

2 

Bacilli 

Coli  form 

53 

Aerobacter  aerogenes 

2 

Ps.  aeruginosa 

1  58  (5.7%) 

Yeasts 

Candida  albicans 

171  171  (16.8%) 

Total 

1017  1017  (99.9%) 

Streptococcus  fecalis,  Staphylococcus  auretes,  Staphylococcus  alhus,  Escherichia 
coli  and  Candida  albicans. 

In  a  series  of  test  tubes,  4.5  ml.  of  the  reijuired  concentration  of  drug  was 
pipetted.  To  the  first  tube,  0.5  ml.  of  microorganism  was  added.  This  was 
mixed  thoroughly  and  0.5  ml.  of  this  mixture  was  pipetted  to  tube  No.  2,  etc.^ 
until  the  last  tube  was  reached  serially  from  which  tube  0.5  ml.  of  the  mixture 
was  removed  and  discarded.  The  same  procedure  was  followed  for  each  of 
the  dilutions  of  drug. 

Inasmuch  as  streptomycin  is  inactivated  by  brain  heart  infusion  broth, 
another  medium  containing  peptone  1  per  cent,  beef  extract  0.5  per  cent,  and 
sodium  chloride  0.25  per  cent  adjusted  to  pH  7. 8-8.0  was  used  in  all  tests  with 
this  antibiotic. 

All  tubes  were  incubated  at  37°  C.  for  48  hours  after  which  0.1  ml.  of 
each  tube  was  transferred  to  flasks  containing  100  ml.  of  brain  heart  infusion 
broth.  These  flasks  were  also  incubated  at  37°  C.  for  48  hours  after  w'hich  final 
readings  were  made,  noting  clearness  or  cloudiness  of  the  culture  medium. 
Smears  were  then  made  of  all  flasks  showing  growth  and  compared  with  the 
inoculant. 

When  C.  albicans  was  being  used  as  the  test  organism,  all  tubes  were  in¬ 
cubated  at  37°  C.  for  48  hours.  One-tenth  ml.  of  each  tube  was  then  inoculated 
into  100  ml.  of  Sabouraud’s  broth  and  incubated  at  37°  C.  for  48  hours,  after 
wrhich  they  were  allowed  to  stand  at  room  temperature  for  one  week.  Final 
readings  were  taken  at  the  end  of  this  time. 


44 


GROSSMAN  AND  CHRISTIAN 


J.  D.  Res. 
February,  1952 


Table  II 
Results 


caprylate  sodium 
(%) 

10-' 

io-» 

10-* 

10-‘ 

10-* 

10-* 

10-' 

5 

Dilutions  of  Beta  Streptococcus 

0  0  0  0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

# 

0.8* 

# 

# 

# 

# 

# 

5 

Dilutions  of  Enterococcus  SOI  Fecalis 

0  0  0  0 

0 

0 

0 

J 

0 

0 

0 

0 

0 

0 

0 

0.8 

# 

# 

# 

# 

# 

0 

0.5* 

» 

# 

# 

# 

# 

5 

Dilutions  of  Alpha 

0  0 

Streptococcus  (Mitis) 

0  0  0 

0 

0 

] 

0 

0 

0 

0 

0 

0 

0 

0.8 

0 

0 

0 

0 

0 

0 

0 

0.5 

# 

# 

0 

0 

0 

0 

0 

0..3* 

# 

# 

# 

# 

# 

# 

# 

5 

Dilutions 

0 

0/  Escherichia  Coli 

0  0  0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0.8 

0 

0 

0 

0 

0 

0 

0 

0.5* 

# 

# 

# 

# 

# 

# 

# 

5 

Dilutions 

0 

o/  Staphylococcus 

0  0 

albus 

0  0 

0 

0 

I 

0 

0 

0 

0 

0 

0 

0 

0.8 

0 

0 

0 

0 

0 

0 

0 

0.5* 

# 

# 

# 

# 

# 

# 

# 

5 

Dilutions  of  Candida  albicans 

0  0  0  0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0.8 

0 

0 

0 

0 

0 

0 

0 

0.5 

0 

0 

0 

0 

0 

0 

0 

0,3 

0 

0 

0 

0 

0 

0 

0 

0.1 

# 

# 

# 

0 

0 

0 

0 

0.01 

# 

# 

# 

# 

# 

# 

# 

5 

Dilutions 

0 

o/  Staphlococcus  aureus 

0  0  0 

0 

0 

0 

1 

# 

# 

# 

# 

0 

0 

0 

0.8* 

# 

# 

# 

# 

# 

# 

# 

5 

Dilutions 

0 

o/  Enterococcus  SOO  (V.  of  M.) 

0  0  0  0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0.8 

# 

# 

# 

# 

# 

0 

0.5* 

# 

# 

# 

# 

# 

0,  negative. 

#,  positive. 

•Positive  at  ali  concentrations  tested  (to  0.01%). 
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Table  II — Coxt’d 


BACITKAriN 
(UNITS  PEP.  C.c.) 

10* 

io-‘ 

10* 

10* 

10* 

10-‘ 

10-' 

500 

Dilutions  of  Staphylococcus  aureus 

0  0  0  0 

0 

0 

0 

200 

0 

0 

0 

0 

0 

0 

0 

100 

0 

0 

0 

0 

0 

0 

0 

50 

0 

0 

0 

0 

0 

0 

0 

25 

0 

0 

0 

0 

0 

0 

0 

12.5 

# 

0 

0 

0 

0 

0 

0 

6.25 

it 

# 

it 

it 

tt 

tt 

200* 

Dilutions  of  Escherichia  Coli 

#  #  if 

it 

it 

it 

it 

500 

Dilutions  of  Alpha 

it  a 

Streptococcus  (ilitis) 

0  -  - 

400 

a 

tt 

0 

0 

- 

- 

- 

:?oo 

a 

it 

tt 

0 

0 

0 

- 

200 

a 

tt 

tt 

it 

tt 

0 

- 

100* 

a 

it 

tt 

tt 

1 

it 

it 

500 

Dilutions  of  Beta  Streptococcus 

0  0  0  - 

400 

0 

0 

0 

0 

- 

- 

- 

300 

0 

0 

0 

0 

0 

- 

- 

200 

0 

0 

0 

0 

0 

- 

- 

100 

0 

0 

it 

it 

tt 

tt 

# 

50* 

a 

it 

tt 

tt 

tt 

it 

# 

200 

Dilutions  of  Enterococcus  .201  Fecalis 

##00 

0 

0 

0 

100 

# 

it 

0 

0 

0 

0 

u 

50 

1  # 

0 

0 

0 

0 

0 

0 

25* 

# 

it 

# 

tt 

tt 

tt 

tt 

500 

Dilutions  of  Staphlococcus  albus 

0  0  0  0 

0 

0 

It 

400 

0 

0 

0 

0 

0 

0 

0 

.300 

0 

0 

0 

0 

0 

0 

0 

200 

0 

0 

0 

0 

0 

0 

0 

100 

0 

0 

0 

0 

0 

0 

0 

50 

0 

0 

0 

1) 

0 

0 

0 

25 

0 

0 

0 

0 

0 

0 

0 

12.5 

# 

it 

# 

tt 

it 

it 

It 

6.25 

it 

tt 

it 

a 

it 

tt 

it 

0,  no  growth. 

#,  growth, 
not  run. 

•Positive  at  ail  lower  concentrations  to  6.25  units  per  c.c. 
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Table  III 


TEST  OBtJANISM 
Alpha  streptococcus 
Beta  streptococcus 
S.  fecalis 

Staphylococcus  alhus 
Staphylococcus  aureus 
Escherichia  coli 

Candida  albicans 


PEXK’ILLIN 


BACITRACIN 


STREPTOMYCIN 


50  U/c.c.(10-‘)  tJOO  U/c.c.(10-«) 


50  L7c.c.(l0-i) 
400  i:/c.c.(10-3) 
50  U/c.c.(10-7) 
50  U/c.c.(10-3) 
400  U/c.c.(10-3) 


100  U/c.c.(10-2) 

50  U/c.c.(10-2) 

12.5  U/c.c.(10-7) 
12.5  IVc.c.(lO-T) 

500  U  =  Growth 


0.0127c 

0.0257c 

0.17c 

0.057c 

0.0257f 

0.05% 


(10-3) 

(10-2) 

(10-4) 

(10-2) 

(10-2) 

(10-2) 


CAPRYLATE 

SODICM 


0.57c  (10-3) 
1.0%  (10-6) 
0.87c  (10-7) 
0.87c  (10-7) 
1.07c  (10-5) 
0.87c  (10-») 

0.17c  (10-1) 


RESULTS 

The  results  of  the  tests  in  tabular  form  for  caprylate  sodium  and  for  baci¬ 
tracin  are  presented  in  Table  II.  A  summary  of  the  tests  for  all  the  dinars 
tested  is  presented  in  Table  III. 


SUMM.YRY 

Penicillin  was  found  to  be  effective  against  alpha  streptococci  in  low  con¬ 
centration  but  a  much  higher  concentration  of  this  antibiotic  was  required  to 
destroy  Streptococcus  fecalis.  In  exceedingly  high  concentration,  penicillin  was 
effective  against  Escherichia  coli  but  was  not  effective  against  Candida  albicans 
in  any  concentration  tested. 

Bacitracin  was  effective  against  staphylococci  and  Streptococcus  fecalis 
in  low  concentration  but  was  much  less  effective  against  alpha  and  beta  strep¬ 
tococci.  It  was  practically  ineffective  against  Escherichia  coli  and  completely 
ineffective  against  Candida  albicans. 

Streptomycin  was  effective  against  E.  coli,  streptococci,  and  staphylococci 
but  practically  ineffective  against  Streptococcus  fecalis  and  wholly  ineffective 
against  C.  albicans. 

(,'aprylate  sodium  was  effective  against  Candida  albicans  and  against  alpha 
streptococcus,  and  weakly  effective  against  all  other  orgnisms  tested. 

Material  from  the  same  batcdi  was  used  throughout  the  tests.  For  identification,  the 
batch  numbers  are  as  follows:  Penicillin  G  crystalline,  K  526  3292  517,800  (Lilly) ;  Bacitracin 
ZXD  Z5057  (Upjohn);  Streptomycin  ^2196  (Merck);  Caprylate  sodium  R  44  (Strasen- 
burgh).  The  author  gratefully  acknowledges  rweiving  the  antibacterial  agents  used  in  these 
tests  from  the  respective  manufacturers  listed  above. 
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MECHANISM  OF  A(^TI()N  OF  SODIUM  AZIDE 
ON  THE  OENUS  CANDIDA 
MARIE  S.  HLAWHON  AND  MARSHALL  L.  SNYDER 
From  the  Department  of  Baeteriologu,  University  of  Oregon  Dental  School,  Portlani,  Ore. 

IT  WAS  recently  reported  by  Diamond’  that  sodium  azide  incorporated  in 
tomato-juice-peptone  a^ar  (pH  5.0)  selectively  inhibited  oral  strains  of  yeasts 
and  mold  contaminants  frecpiently  encountered  in  routine  salivary  lactobacillus 
counts.  This  techni(iue  was  another  application  of  a  chemical  previou-sly  em¬ 
ployed  to  inhibit  Kram-negative  and  other  bacteria  to  allow  isolation  of  strep¬ 
tococci.  The  procedures  for  the  recover^'  of  .streptococci  from  clinical  material 
have  been  described  for  bovine  mastitis  by  Br^’an,  Devereux,  Hirschey,  and 
Corbett,®  for  feces,  urine,  and  exudates  by  Snyder  and  Lichstein®*  *  and  Packer,* 
and  throat  cultures  by  Pike.® 

No  difficulty  was  encountered  in  confirming  the  fact  that  a  1 :10,000  con¬ 
centration  of  sodium  azide  in  tomato-juice-peptone  agar  (pH  5.0)  was  highly 
effective  in  the  prevention  of  overgrowths  by  the  yeastlike  fungi.  The  only 
exception  of  importance  was  the  relatively  rapid  loss  of  fungistasis  in  plates 
of  tomato-juice-peptone  agar  held  in  the  refrigerator.  A  comparison  of  the 
effectiveness  of  sodium  azide  on  other  members  of  the  oral  flora  indicated  that 
the  mechanism  of  action  was.  as  expected,  to  be  on  the  iron-porphyrin  proteins 
of  these  yeastlike  fungi,  the  majority  of  which  belong  to  the  genus  Candida.’ 
Although  this  effect  is  well  recognized  by  those  interested  in  bacterial  metab¬ 
olism,  such  an  explanation  is  not  usually  given  by  those  reporting  on  the  use 
of  the  chemical  for  clinical  diagnostic  procedures.  On  this  basis,  it  was  thought 
of  interest  to  report  our  findings. 


M.VTERIAL 

Specimens  of  saliva  either  freshly  collected  or  received  through  the  mail 
for  routine  lactobacillus  counts  were  utilized  as  clinical  material.  Pure  cul¬ 
tures  of  organisms  were  also  employed  for  testing  purposes.  These  consisted 
of  20  strains  of  Candida  including  one  strain  each  of  four  species  (C.  albicans, 
C.  kruzei,  C.  parakruzei,  and  C.  pseiidotropicalis*) ,  20  strains  of  oral  lacto- 
bacilli,  and  4  strains  each  of  streptococci,  staphylococci,  aerobic  spore-forming 
bacilli,  and  miscellaneous  gram-negative  types.  The  sodium  azide  was  of  tech¬ 
nical  grade  (Eastman  Kodak  Co.).  The  medium  was  tomato-juice  peptone  agar 
(Hadley)  adjuste<l  to  pH  5.0  or  7.0. 

METHODS  AND  RESULTS 

The  evaluation  of  sodium  azide  as  a  selective  inhibitor  of  oral  strains  of 
Candida  was  accomplished  by  culturing  approximately  200  specimens  of  saliva. 
These  specimens  were  diluted  1 :10  in  glucose  broth  and  0.1  ml.  iH)rtions  spread 
in  duplicate  over  plates  of  tomato-juice  peptone  agar  (pH  5.0),  one  series  of 
which  contained  sodium  azide  in  a  1:10, (XK)  concentration.  After  four  days’ 


•Cultures  obtained  from  Dr.  Norman  S.  Conant,  Duke  University,  Durham,  N.  C. 
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incubation  the  i)lates  were  examined  for  presence  of  yeastlike  organisms  and 
numbers  of  lactobacilli  counted.  The  results  clearly  confirmed  Diamond  in 
respeet  to  the  effectiveness  of  the  azide  for  this  purpose.  Members  of  the  genus 
Candida  or,  for  that  matter,  of  the  class  Eumeyetes  were  either  eompletely 
inhibited  or  so  restricted  in  growth  not  to  interfere  with  the  counting  of  the 
laetobacilli.  This  was  in  contrast  to  the  presence  of  yeastlike  organisms  on  25 
l)er  cent  of  the  control  plates.  ^lany  of  the  latter  were  overgrown  by  these 
organisms.  Although  there  were  occasions  when  the  laetobacillus  count  was 
as  much  as  50  per  cent  lower  than  in  the  controls,  the  majority  of  counts  were 
in  reasonable  agreement.  This  reduction  may  be  direetly  as.sociated  with  the 
variation  in  sensitivity  of  strains  of  oral  lactobacilli  to  sodium  azide  as  indicated 
by  Jay®  and  Rogosa."  Despite  this  ])ossibility  the  fungistatie  action  of  the  azide 
])ermitted  the  successful  culture  of  all  specimens  of  saliva  and  subsequent 
reporting  to  the  practitioners  who  are  rightfully  disturbed  over  the  loss  of 
time  and  effort  incurred  by  a  re])ort  ‘‘overgrown  with  yeasts.”  Thus,  the  ad¬ 
vantage  gained  more  than  offset  the  probable  error  in  a  quantitative  figure 
known  to  be  snbjeet  to  serious  error.’*’-  ”  On  this  basis,  sodium  azide  was  in¬ 
corporated  as  an  essential  ingredient  of  the  tomato-juice  peptone  agar  routinely 
used  for  laetobacillus  counts  in  this  laboratory. 

It  became  apparent  that  the  fungistasis  of  the  azide  was  lost  fairly  rapidly 
in  plates  of  this  medium  stored  in  the  refrigerator.  The  limits  for  storage  were 
established  by  adding  varying  amounts  of  sodium  azide  to  tomato-juice  peptone 
agar  and  pouring  a  large  number  of  plates.  These  were  held  in  the  icebox  and 
removed  at  intervals  for  inoculation  with  fresh  broth  cultures  of  yeastlike 
fungi.  The  observations  are  reported  in  Table  T. 


Table  1 

Dvratio.v  oe  FrxtasTAsis  of  Sodu  m  Azibe  ix  Tomato  Ji  ice  Pectoxe  Agar  Hei.d  at 

Icebox  Temperati  res 


RECIPROCAI.S  OF  AZIDE 

COXCEXTRATIOX 

XO.  STRAIN'S 

DAYS 

1  1 

2 

3 

4 

5 

6 

7 

5,000 

20 

0 

0 

0 

0 

0 

0 

10* 

10,000 

0 

0 

0 

1 

9 

12 

19 

20,000 

3 

20 

40,000 

3 

20 

80,000 

3 

20 

♦Number  of  strains  showing  growth. 


Table  I  clearly  shows  the  diminution  of  fungistasis  in  respect  to  time  of 
.storage  and  eoneentration  of  the  chemical.  There  was  a  maximum  limit  of 
seven  days  for  50  per  cent  loss  of  fungistasis  at  the  highest  concentration  and 
less  than  four  for  the  lowest  concentration  of  sodium  azide  in  this  series.  This 
was  not  an  unexpected  finding  since  the  chemical  is  recognized  to  be  unstable. 
It  a])peared  po.ssible  that  its  i)owerful  reducing  properties  could  be  neutralized 
or  offset  by  continued  oxidation  in  the  thin  layers  of  the  medium  exposed  to 
the  atmosphere.  Medium  containing  the  azide  was  stored  in  i)rescription  bottles, 
one  of  which  was  melted  periodically  to  provide  fresh  plates  of  the  tomato-juice 
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peptone  ajjar.  Fungistasis  was  retained  in  the  bottled  medium  kejd  at  room 
temperature  for  at  least  six  weeks.  It  was  eoneluded  that  retention  of  the 
fungistatic  property  of  sodium  azide  under  these  conditions  dcjiendcd  upon 
the  exclusion  of  air. 

At  this  point  a  question  was  raised  concerning  the  ])ossil)le  activity  of  the 
azide  against  the  yeastlike  fungi  if  the  normal  acidity  of  the  medium  was 
changed.  For  this  purpose  tomato-juice  peptone  agar  was  prepared  and  por¬ 
tions  adjusted  to  pH  5.0  and  7.0.  Each  hatch  of  medium  was  further  sub¬ 
divided  to  allow  varying  concentrations  of  azide.  Since  media  adjusted  to  ])II 
7.0  were  to  be  used,  the  effectiveness  of  azide  on  oral  bacteiia  which  do  not 
ordinarily  grow  at  pH  5.0  could  also  be  tested.  All  plates  were  inoculated  by 
means  of  sterile  swabs  moistened  with  24  hour  broth  cultures  of  the  organisms 
employed.  The  plates  were  incubated  48  hours  and  examined  for  nature  and 
amount  of  growth.  The  results  are  listed  in  Table  II. 

Analysis  of  Table  II  shows  all  strains  of  Candida,  staphylococci,  coliform 
bacteria,  aerobic  spore-forming  bacilli  and  miscellaneous  gram-negative  ty]>es 
were  inhibited  by  much  lower  concentrations  of  azide  than  were  the  streptococci 
and  lactobacilli.  Some  strains  of  the  lactobacilli  even  grew  slightly  in  the 
presence  of  a  1:400  concentration  of  this  chemical.  The  selective  action  of  the 
azide  w’as  markedly  increased  at  pH  5.0  for  strains  of  Candida  but  this  effect 
was  less  noticeable  for  the  lactobacilli.  This  influence  of  pH  upon  the  eftective- 
ne.ss  of  .sodium  azide  was  also  reporte<l  by  Keilin’^  who  found  that  the  oxygen 
uptake  of  yeast  cells  was  completely  inhibited  by  i)H  5.2  to  6.2  by  O.OOIM  NaX:,, 
75  per  cent  inhibited  at  pH  6.7,  and  not  inhibited  at  all  at  j)!!  7.5.  Although 
it  is  difficult  to  interimlate  Keilin’s  data  obtained  under  the  anaerobic  condi¬ 
tions  of  manometric  methods  with  the  crudeness  of  culture  media,  it  would 
appear  that  the  increased  dis.sociation  of  sodium  azide  in  an  acid  environment 
would  probably  account  for  most  of  the  present  flndings.  Another  feature  was 
the  recognition  in  these  plates  of  the  striking  relationship  of  the  fungistasis  and 
bacteriostasis  to  bacterial  respiration;  that  is,  inhibition  was  greatest  in  those 
species  classified  primarily  as  aerobic  on  the  basis  of  cytochrome  content,  less 
so  for  some  of  the  facultative  anaerobes  and  least  so  for  those  species  recognized 
as  having  no  iron-porphyrin  proteins.  Our  data  correlated  very  well  with  that 
on  bacterial  and  yeast  cytochromes  tabulated  in  the  texts  of  Stephenson’®  and 
Porter.’^  Both  these  authors  list  sodium  azide  as  a  specific  poison  for  these 
enzymes. 

Although  direct  spectroscopic  evidence  for  blocking  of  cytochromes  of 
(’andida  by  sodium  azide  would  be  preferable,  instruments  were  not  available 
to  perform  the  microsco])ic  method  described  by  Stei)henson’®  in  which  she 
could  establish  the  action  of  cyanide  on  the  cytochromes  of  yeast  cells.  Recourse 
was  made,  therefore,  to  the  indophenol  test  described  by  Keilin’®  as  sj^ecific  for 
cytochrome  oxidase.  This  test  is  based  upon  the  development  of  the  purplish 
color  of  the  indicator,  indophenol  blue,  from  the  colorless  or  leuko  base  as  the 
latter  is  oxidized  by  the  normal  respiratory  process.  If  the  iron-porphyrins 
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0  No  growth  +++  Control 

±  Questionable  (  )  No.  strains  showing  growth 

+  Slight  N.D.  Not  done 
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are  blocked  or  irreversibly  reduced,  no  color  is  formed.  The  effect  of  sodium 
azide  on  13  strains  of  Candida  including  strains  of  the  4  species  and  two  strains 
of  lactobacilli  waa  tested.  All  strains  of  Candida  showed  complete  inhibition 
of  cytochrome  oxidase  activity  as  measured  by  failure  to  show  positive  color 
reactions  in  the  presence  of  sodium  azide;  these  were  similar  to  the  reactions 
of  the  lactobacilli  which,  having  no  cytochromes,  were  negative  even  in  the 
ab.sence  of  the  chemical.  It  would  appear  that  the  selective  inhibition  of  mem- 
hei-s  of  the  genus  Candida  by  sodium  azide  was  another  example  of  its  action 
on  organisms  pos.se.ssing  iron-porphyrin  proteins  and  especially  cytochrome 
oxidase. 

DISCUSSION 

Sodium  azide  as  a  bacterial  antagonist  has  been  employed  in  microbiology 
by  two  groups  rather  widely  separated  in  respect  to  interest.  The  first  group 
is  comprised  of  clinical  bacteriologists.  They  have  utilized  the  selective  in¬ 
hibition  of  a  broad  group  of  bacteria  by  this  chemical  to  obtain  isolation  of 
organisms  otherwise  difficult  to  recover  from  specimens  submitted  for  culture. 
To  them  the  end  justified  the  means  without  explanation  for  its  action.  The 
other  group  has  been  primarily  interested  in  bacterial  metabolism  rather  than 
in  diagnostic  methods.  To  assist  them  in  tracing  the  pathways  of  enzymatic 
activity,  chemicals  such  as  sodium  azide  which  acts  specifically  on  one  or  a  group 
of  enzymes  have  been  widely  employed.  It  is  obvious  that  a  correct  explanation 
of  its  mechanism  of  action  can  come  only  from  the  studies  of  this  group.  To 
date,  it  is  apparent  from  the  literature’^*'®  and  our  results  that  the  major  effect 
of  sodium  azide  is  on  the  iron-porphyrin  components  of  living  cells.  However, 
Ulifton  and  Logan’®  pointed  out  that  azide  acted  on  the  assimilation  process  of 
synthesis  (reduction)  rather  than  on  respiration  (oxidation).  Spiegelman, 
Kamen,  and  Sussman”  have  recently  shown  that,  in  the  anaerobic  fermentation 
of  glucose  by  yeast  cells,  azide  suppresses  the  esterification  of  inorganic  phos¬ 
phate,  and  Gale’®  has  reported  the  unfavorable  action  of  azide  on  external 
glutamic  acid  synthesis  by  a  strain  of  Staph,  aurem.  These  and  other  reactions 
of  sodium  azide  should  be  expected  in  view  of  its  marked  toxicity,  but  these 
will  be  masked  in  ordinary  cultural  procedures  by  tbe  great  affinity  of  the  azide 
for  the  iron-porphyrin  proteins  of  living  cells.  On  the  other  hand,  as  the  specific 
points  of  interference  are  established  so  will  it  become  possible  for  the  clinical 
laboratory  to  obtain  maximal  utilization  of  this  chemical  as  a  selective  inhibitor 
of  fungi  and  various  bacteria. 

SUMM.VRY 

The  effectiveness  of  sodium  azide  as  a  selective  inhibitor  of  the  yeastlike 
organisms  of  the  saliva  has  been  confirmed.  The  limit  of  duration  of  fungi- 
stasis  of  a  1 :10,0{)0  concentration  of  sodium  azide  in  tomato-juice  peptone 
agar  has  been  established  as  5  days  at  icebox  temperatures.  The  mechanism 
of  action  has  been  shown  primarily  to  be  upon  the  iron-porphyrin  pigments, 
the  cytochromes  and  cytochrome  oxidases,  of  the  genus  Candida. 
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TIIH  (’HYSTAL  ('HKMISTKV  OF  OARBONATK  APAT1TK8  AM)  THKIK 
RKI.ATIONSHIP  TO  THK  COMPOSITION  OF  (’AL(’IFIEI)  TISSUES 

I)UN(’AN  M<f^ONNELL 
The  Ohio  State  Univertiity,  Columbm,  Ohio. 

VARIATIONS  in  the  Ca:P:C  ratios  amoiifj  analyses  of  teeth  and  lK)nes  are 
well  known  and  it  is  generally  conceded  that  these  variations  cannot  be 
attributed  to  analytical  error.  Because  it  has  been  difficult  to  interpret  these 
variations  in  the  absence  of  an  adefjuate  theory  for  the  crystal  structure  of 
carbonate  apatite,  certain  calculations  have  been  based  upon  the  hypothetical 
coini)ound,  3Ca3(P04)2 -(’aCO,,  Inasmuch  as  the  Ca:P:C  ratios  of  this  hypo¬ 
thetical  compound  are  fixed,  these  calculations  cannot  be  consistent  \i'ith  the 
analytical  data,  so  the  assumption  is  frecjuently  made  that  more  than  one  solid 
phase  is  present  and  contributes  the  elements  Ca,  P,  or  C. 

(Jruner  and  ^IcConnell”  were  able  to  show  that  the  mineral  francolite  can¬ 
not  contain  any  component  with  the  composition  SCajl PO^), "CaCOg.  but  it  has 
since  been  su^fjested  that  submicroscopic  particles  of  UaCOj  can  exist  in  fran¬ 
colite.  This  (juestion  refpiires  further  scrutiny. 

To  state  the  matter  briefly,  the  cpiestion  resolves  itself  into  whether  car¬ 
bonate  apatites  represent  (1)  a  single  crystalline  phase  or  (2)  a  heterogeneous 
mixture,  the  units  of  which  are  below  the  resolving  power  of  optical  microscopes. 
Inasmuch  as  dental  enamel  and  other  calcified  tissues  contain  organic  matter 
which  merely  serves  to  confuse  the  (piestion  of  the  composition  of  the  “mineral 
phase,”  it  seems  reasonable  to  direct  attention  to  the  crystalline  substances  hav¬ 
ing  related  compositions.  Although  the  complete  solution  of  the  more  complex 
])roblem  of  calcified  tissues  will  probably  not  result  from  detailed  consideration 
of  the  crystalline  minerals,  it  seems  probable,  nevertheless,  that  a  thorough 
knowledge  of  the  crystalline  minerals  will  greatly  augment  an  understanding 
of  calcified  animal  tissues. 

The  (piestion  of  the  crystal  structure  of  carbonate  apatites  is  not  new.  Two 
fairly  comjilete  summaries,  which  emjihasize  chemical  and  mineralogical  ap¬ 
proaches,  have  appeared  within  recent  yeais.*'-  **  Armstrong-  has  summarized 
those  asjiects  dealing  with  calcified  tis.sues. 

In  order  to  consider  certain  types  of  structural  configurations  which  were 
virtually  unknown  in  1937  and  in  order  to  obtain  complete  reconciliation  with 
more  recent  analyses,  the  hyiiothesis  of  (Jruner  and  McUonnell  recpiires  minor 
modification.  Initially,  however,  it  seems  advisable  to  demonstrate  that  car¬ 
bonate  apatite,  in  the  form  of  francolite  at  least,  is  a  single  ])hase  and,  there¬ 
fore,  is  a  structural  variant  of  apatite. 

Ks.s(>ntial  portion.^  of  this  papor  wen*  presented  orally  at  the  "Symposium  on  The  Crystal 
Chemistry  of  Apatites”  at  a  meeting  of  tlie  .\meriean  CrystalloKraphic  Association.  Washing¬ 
ton.  D.  C.,  February  15-17,  1951. 

K«  »ceive<i  for  publication.  .June  12,  1951. 
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DATA  ON  FRANCOLITE 

The  mineral  name,  franeolite,  first  appeared  in  print  in  1843  but,  in  the 
absence  of  a  complete  description,  the  name  staffelite  was  applied  to  essentially 
similar  material  from  a  different  locality  in  1866.*®  Various  other  mineral 
names  have  been  applied  to  crystalline  carbonate  apatites,  including  dahllite, 
jmdolite,  kurskite,  and  quercyite.  Numerous  mineralogists  have  recognized  car¬ 
bonate  apatites  and  have  applied  mineral  names  to  these  substances  on  the  pre¬ 
sumption  that  they  were  dealing  with  a  single  crystalline  phase.  Within  the 
past  decade  a  few  mineralogists  have  concluded  that  these  minerals  are  not 
homogeneous  substances  but  this  was  done  chiefly  through  an  examination  of 
the  structural  hypothesis  of  Gruner  and  McConnell,”  rather  than  an  examina¬ 
tion  of  the  actual  mineral  substances.  It  can  still  be  stated  (piite  categorically 
that  there  is  no  direct  proof  that  franeolite  is  composed  of  two  phases. 

Although  the  diffraction  patterns  ])roduced  by  fluorapatite  and  franeolite 
are  similar,  x-ray  spectrometer  data  recently  obtained  by  the  writer  indicate 
significant  differences.  In  both  instances  the  samples  were  similar  to  analyzed 
samples  from  the  same  localities,  so  the  chemical  compositions  can  be  considered 
as  accurately  known.  Although  it  is  beyond  the  scope  of  this  discussion  to 
furnish  detailed  interpretations  of  these  data,  nevertheless,  it  should  be  indi¬ 
cated  that  these  measurements  confirm  the  results  of  other  investigators,  in¬ 
cluding  Altschuler.^ 

Silverman,  Fuyat,  and  Weiser*®  have  reported  significant  differences  be¬ 
tween  the  thermograms*  of  fluorapatite,  carbonate  apatites,  and  mixtures  of 
fluorapatite  and  calcite.  They  were  also  successful  in  demonstrating  that  spe¬ 
cial  solvents  can  be  employed  to  distinguish  between  homogeneous  substances 
(such  as  franeolite)  and  heterogeneous  substances  (such  as  rock  phosphates  and 
mixtures  of  calcite  and  fluorapatite). 

It  is  particularly  significant  that  none  of  these  methods  of  analysis  has 
indicated  the  presence  of  calcite  or  aragonite  in  such  materials  as  the  franeolite 
from  Staffel,  Germany,  although  these  methods  are  quite  sensitive  to  the  pres¬ 
ence  of  crystalline  CaCO,. 

The  most  straightforward,  single  evidence  of  structural  differences  between 
franeolite  and  fluorapatite  is  the  significant  difference  in  optical  ])ro])erties. 
The  birefringence  of  fluorapatite  is  >  0.004  but  <  0.005,  whereas  the  birefrin¬ 
gence  of  carlmnate  apatites  is  usually  between  0.006  and  0.020.  Also  of  signifi¬ 
cance  is  the  fact  that  carbonate  apatites  are  fre(piently  biaxial  with  optic  angles 
as  high  as  40  degrees.  Although  the  birefringence  is  greater,  the  mean  refrac¬ 
tive  index  observed  for  franeolite  is  less  when  compared  with  fluorapatite,  in¬ 
dicating  thereby  a  discrepancy  if  one  attempts  to  apply  the  theory  of  Wiener®® 
and  calculate  the  optical  properties  of  a  “mixed  body”  composed  of  fluorapatite 
and  calcite.  However,  the  i)rcsence  of  (X).,  groups  within  the  structure  of  fran- 
colite  will  satisfactorily  account  for  this  enhanced  birefringence.*® 

When  considering  the  amount  of  carbon  dioxide  present  in  francolites  it  is 
important  to  remember  that,  if  the  second  phase  is  CaCOs,  as  much  as  8  or 

•Plots  of  exothermic  an<l  endothermic  reactions  against  temperature  obtaine<l  by  means 
of  differential  thermal  analysis. 
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10  i)er  cent  of  it  must  bo  present.  One  cannot  overlook  the  difficulties  of  con- 
cealinj;  this  (|uantity  of  a  solid  which  shows  pronounced  tendencies  to  crystallize 
and  which  displays  very  high  birefringence,  within  water-clear  crystals  of  an¬ 
other  mineral  with  very  low  birefringence.  Much  smaller  (piantities  might  es¬ 
cape  attention  in  this  way,  but  the  author  is  completely  unaw’are  of  any  similar 
attempt  to  explain  the  presence  of  a  second  phase  when  there  is  no  optical 
evidence  for  its  presence  and  the  amount  of  the  second  phase  is  supposed  to 
exceed  5  per  cent. 

Were  such  a  second  phase  pre.sent,  it  shoidd  be  a  simple  matter  to  deduct 
its  composition  from  the  total  chemical  analysis,  in  which  case  the  remaining 
constituents  could  be  readily  attributed  to  the  structure  of  fluorapatite.  This 
is  by  no  means  the  case  with  francolite,  however.  If  one  attempts  to  deduct 
calcium  oxide  and  carbon  dioxide  in  equal  molecular  proportions  from  analyses 
of  francolite,  significant  discrepancies  appear.*®  In  order  to  account  for  these 
discrepancies  it  becomes  essential  to  assume  that  the  five  different  analysts  have 
made  unusually  large  errors  in  these  particular  analyses — errors  which  signifi¬ 
cantly  exceed  the  probable  error  for  determinations  of  this  sort. 

We  can  conclude,  therefore,  that  francolite  is  a  homogeneous,  crystalline, 
mineral,  sub.stances  on  the  basis  of  the  following  data. 

1.  The  optical  properties  are  different  from  fluorapatite  and  cannot  be 
accounted  for  by  admixture  of  CaCOg. 

2.  The  powder  diffraction  patterns  are  different  from  those  of  fluorapatite 
and  cannot  be  accounted  for  by  admixture  of  CaCOg. 

3.  The  chemical  compositions  are  different  and  deduction  of  CaCOg  w’ill 
not  improve  the  allocation  of  other  constituents  to  the  structure  of  apatite. 

4.  The  thermal  data  are  different  and  cannot  be  accounted  for  by  admixture 
of  CaCOg.  This  applies  to  the  data  obtained  by  Silverman,  Fuyat,  and  Weiser,*® 
but  also  to  the  fact  observed  by  the  writer:  CO,  is  still  present  in  francolite 
after  the  temperature  has  been  raised  to  1100°  C.  ±  25°  and  held  at  this  tempera¬ 
ture  for  45  minutes. 

5.  The  complete  absence  of  any  direct  evidence  for  the  presence  of  a  second 
crystalline  phase  in  spite  of  diligent  effort  on  the  part  of  numerous  individuals 
to  find  such  evidence.  Indirect  evidences  based  upon  erroneous  assumptions 
have  appeared,  and  calculations  of  Ca  :P  ratios  based  upon  completely  in¬ 
adequate  determinations  of  phosphorus  by  colorimetric  methods  have  been 
applied  to  show  the  nonexistence  of  carbonate  apatites.  These  conclusions  have 
been  discussed  and  the  nature  and  extent  of  the  errors  have  been  indicated 
specifically.*® 

THE  STRUCTURE  OF  FRANCOLITE 

The  structure  proposed  by  Gruner  and  McConnell**  took  into  account  the 
carbon  dioxide  of  francolite  but  failed  to  take  into  account  the  presence  of 
water  in  the  structure.  Four  chemical  analyses  of  franeolites  have  appeare<l 
since  1937  and  it  now  becomes  apparent  that  modification  of  our  earlier  hypoth¬ 
esis  is  required  in  order  to  obtain  rigorous  conformity  w’ith  these  newer  data. 

The  importance  of  (OH)4  in  isomorphic  substitution  for  SiO,  and  PO^ 
has  recently  been  emphasized  in  connection  with  the  structure  of  the  clay  min- 
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oral,  numtiiiorilli)nito.-'  and  a  iraniotoi<l.  *ri'i|>liito.'’*  Ilowovor,  willioiit  rosorlinj; 
to  those  more  ooinplox  oxainplos.  fuiidaniontal  oimoopts  oan  ho  oloarly  doinon- 
slra1o<l  with  rosjH'ot  to  the  ‘rarnot-hydr*»y:ai’not  series; 

I'ajAl.tSiO,),  (iiossiiliiriti* 

C'a,Al;(Si04)j(0Il  >4  Plazolit** 

Caj  Al.  ( 0 11 ) ,,  «.'a-  A 1  -  li  y  1 1  rona  rnpt 

In  tliose  isostruotural  ooin]amnds  the  (’a.  Al.  a!ul  oxyfron  ]>ositions  have  essen¬ 
tially  identieal  eoordinates,  whereas  the  nunilK*r  of  oeeiipied  silieon  positions 
raiifies  from  3  to  0  for  one-eighth  of  the  unit  eell.  (Mearly  the  additional  hy<lro- 
fren  ions  of  hydrojrarnet  must  he  loeated  in  elose  |>roximity  to  the  four  oxyjiens  iu 
tetrahedral  arranjsement  and  ean  therefore  he  eonsidered  as  (011)4  tiroups. 

In  ellestadite,’’  whieh  has  the  egmposition  ('a,„(On  )^(SiOj3(S()j3,  the 
struetural  interehan^eahility  of  P()4  and  Sit >4  firoups  has  heen  demonstrate<l 
provided  the  eleetrieal  neutrality  of  the  strueture  ean  he  i>reserved  hy  other 
types  of  substitution.  For  •rriphite  it  was  neeessary  to  assume  (011)4  I'eplaeiu" 
PO^  in  the  ratio  1:5.  No  sueh  (piantity  of  substitution  of  (011)4  1*^^4 

reijuired  in  order  to  obtain  rifrorous  ealeulation  of  the  unit  eell  eontents  of 
franeolite,  but  it  should  he  indieated  that  water  has  heen  found  above  300°  (\ 
for  those  analyses  of  franeolite  where  this  determination  was  made.  All  re- 
eent  analyses  of  franeolite  show  water  above  105°  (\  It  is  eoneluded  therefore 
that  franeolite  is  a  hydrate  in  spite  of  the  faet  that  all  Oil  positions  of  hydroxy¬ 
apatite  may  be  filled  with  fluorine.  (As  will  ai)i)ear  later  the  fluorine  content 
may  exceed  that  of  fluorai)atite.) 

In  considering  the  strueture  of  franeolite.  the  major  consideration  still  re¬ 
lates  to  the  manner  of  accommodating  carbon  in  the  lattice.  A  modification  of 
the  Oruner-yeConnell  strueture  was  ])roi)osed.  hy  Hendricks  and  HilP"*;  it 
calls  for: 

[.■5(P04)]-9  ^  [4(CO,)]-8 

and  results  in  degeneration  of  PO4  tetrahedra  into  planar  (3)3  groups.  Their 
jiroposal  reduces  the  re(piirements  of  electrons  in  the  immediate  vicinity,  how¬ 
ever,  and  would  re<|uire  decrease  in  electron  donors  to  the  extent  of  1/2 
Although  this  consejpience  cannot  be  regarded  as  an  insurmountable  difficulty, 
it  is  noteworthy  that  hydroxyls  can  be  called  upon  to  balance  the  electrical 
charges : 

[4(PO,)l-i2  [4(C03)]-8  +  [(OH)4l-4 

Although  the  arrangement  of  (’O,  groups  called  for  by  the  present  structure  is 
different  from  the  arrangement  proposed  by  Hendricks  and  Hill,  the  number 
of  oxygens  in  close  hexagonal  packing  remains  the  same.  The  analyses  of 
francolites  will  not,  however,  permit  any  such  simple  stoichiometric  substitutions. 

Statistical  substitutions  of  (’(>3  for  P()4  in  the  apatite  lattice  appear  to  be 
of  two  different  sorts  which  are  schematically  shown  in  Fig.  1.  Four  (3). 
{rroups  are  shown,  three  of  which  stand  normal  to  the  basal  ])lane  and  are  dis- 
tribute*!  symmetrically  w’ith  respect  to  a  3-foI<l  axis  of  the  space  group 
r  fia  Im.  The  fourth  f’Oa  group  is  located  on  the  3-foId  axis,  parallel  with 
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llu*  lijisal  plane.  It  is  not,  of  eoum*,  iiresnmed  that  these  ionie  Kroups  are  <lis- 
Irihnted  in  this  manner  in  real  erystals  of  franeolite — nor  need  they  he,  heeanse 
franeolite  is  probably  not  hexafional.* 

Kijr.  2  illustrates  the  model  with  res|)eet  to  the  transformation  neeessary  to 
obtain  franeolite  from  finorapatite.  Observinif  the  3-fold  axis  of  Fi^j.  1  from  the 
position  of  the  arrow,  the  left  portion  of  Fiy;.  2  indieates  the  ealeium  atoms  with 
coordinates  %  t/2  Va  %  b;  each  is  surrounded  by  6  oxygens,  which  are 
portions  of  groups.  The  ri};ht  side  of  Fi>j.  2  shows  these  oxyjiens  divorced 
from  1*04  groups  to  form  (’().,  iironps,  ami  the  calciums  have  Iwen  replaced  by 
water  molecides  (shade<l).  The  dimensions  of  water  molecules  are  not  small 
enouirh  to  proxy  for  calcium  in  this  way  ordinarily,  but  the  contraction  of  the 
oxyjrens  aceomplisluMl  by  the  enhanced  polarizations  due  to  the  carbon,  when 
coupled  with  a  slight  increase  in  lattice  dimensions,  can  1h*  called  upon  to  per¬ 
mit  this  configuration.  Thus  the  present  modifie<l  hypothesis  for  the  structure 
of  franeolite  calls  for  FO,  groups  replaciiu;  PO^  groups.  (OH) 4  groujis  replacing 
PO4  groups,  and  neutral  water  replacing  ealeium  ions  which  are  adjacent  to 
FO3  groups  j)arallel  to  the  basal  plane.  It  remains,  however,  to  reconcile  these 
structural  concepts  with  the  chemical  composition  of  franeolite. 

TMK  (  RYSTAI.  ('HKMISTRY  OK  FRAXCOl.ITE 

Tt  is  not  possible  to  obtain  a  structural  i)icture  for  franeolite  which  is  as 
simi)le  as  would  be  desirable.  In  fact,  the  structure  proposed  by  (iruner  and 
McFonnell  was  too  simide  to  account  for  the  analytical  data  which  have  subse- 
ipiently  appeared.  Five  analyses  of  franeolite  from  as  many  localities  are  now 
available  for  consideration.  Although  there  are  specific  diflferences  among 
these  analyses  the  most  striking  feature  is  their  remarkable  similarity.  The 
localities,  analysts,  and  literature  references  are  as  follows: 

LOCALITY  ANALY.ST  REFERENCE 

I.  Staffel,  Germany  R.  B.  Ellestad  Gruner  &  McConnell*  > 

II.  Leeds,  Y^orkshire  H.  C.  G.  Vincent  Deans^ 

III.  Tavistock.  Devon  E.  B.  Sandell  Sandell,  Hey  &  McConnell'-!^ 

T\.  Richtersvelt,  So.  Africa  C.  J.  Liebenberg  DeVilliers* 

V.  Busuinbu,  Uganda  Imi)erial  Institute  Davis® 

A  sixth  anal.vsis  of  franeolite  from  ^lilburn.  New  Zealand’*  is  omitted  liecause 
of  its  complexity.  This  analysis  shows  aiijireciable  (piantities  of  alumina  and 
ferric  oxide,  and  the  as.signment  of  these  constituents  to  the  lattice  of  apatite 
would  merely  serve  to  confuse  the  (piestion  under  discussion.  C’hemical  analyses 
of  rock  phosphates-"  are  not  suitable  for  calculations  of  this  stirt  liecause  such 
rocks  almost  universally  contain  more  than  one  mineral  component. 

Table  I  contains  the  chemical  calculations  which  have  lieen  applied  to  a 
composite  (average)  anal.vsis  of  the  live  francolites  after  elimination  of  moisture 
(HoO-lOr)®),  insoluble  matter,  and  other  reported  impurities,  and  after  recal¬ 
culation  of  each  anal.vsis  to  a  total  of  100  per  cent.  The  justification  for  this 
procedure  lies  in  the  fact  that,  if  these  substances  are  iscmiorphic  variants  of  the 
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same  mineral,  their  individual  compositions  should  be  consistent  with  the  struc¬ 
tural  hypothesis  and  therefore  their  average  composition  should  he  consistent 
also. 

The  summarj-  data  obtained  from  Table  I  are  recorded  in  Table  II,  where 
it  is  noticeable  that  the  calculations  are  mutually  consistent  to  a  surprising  de¬ 
gree.  The  structural  formula  based  upon  Table  II  gives: 

[Ca,Mg,Sr,.,.Na,„(H.O).„]F,  „[P,.„(4/3C).„(4H).„]0„  „ 

which  is  entirely  consistent  with  the  proposed  structure;  all  .structural  jmsi- 
tions  are  assumed  filled  and  the  electrical  charges  are  in  balance. 


Fig.  1. — Projection  on  basal  plane  of  atomic  constituents  of  apatite  wherein  3  POj  groups 
have  been  replaced  by  4  CO3  groups.  The  large  circles  are  oxygen  ions,  except  at  vertical 
ceil  edges  where  they  are  F  or  OH.  The  large  shaded  circle  on  3-fold  axis  is  HiO.  Small 
open  circles  are  P ;  small  solid  circles  are  C :  and  intermediate  circles  are  Ca. 


Fig.  2. — Perspective  view  of  vertical  arrangements  of  ions  along  3-fold  axis,  viewed  in 
direction  of  arrow  (Fig.  1).  Left:  Ca  ions  surrounded  by  6  oxygens  in  fluorapatite.  Right: 
Carbon  atoms  forming  CO>  groups  with  oxygens,  and  water  molecules  occupying  former  Ca 
positions,  as  is  proposed  for  francolite  structure. 


The  calculations  have  been  based  upon  certain  well-established  principles 
of  crystal  chemistry  as  well  as  the  structural  model  described  above.  Only  one 
unusual  feature  arises  as  a  consequence  of  the  calculations :  the  inability  of  the 
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analyses  to  indicate  neutral  water  in  contradistinction  to  hydroxyl  ions.  Thus 
the  calculations  cannot  he  balanced  in  terms  of  a  knowledfje  of  the  total  number 
of  electrostatic  charjres  nor  the  total  number  of  cations,  since  neither  is  known. 
It  therefore  becomes  necessary  to  obtain  a  normalizins;  factor  which  will  simul¬ 
taneously  permit:  (1)  correct  assijrnment  of  cations  to  the  16  theoretical  posi¬ 
tions  of  apatite,  (2)  preservation  of  appropriate  ratios  for  their  spatial  p(|uiva- 
lence,  and  (3)  preservation  of  the  electrical  neuti’ality  of  the  entire  unit.  The 
methods  for  makiiifi  somewhat  similar  calculations  for  clay  minerals  have  been 
discussed  in  detail.^-*  Here  it  need  only  bo  added  that  the  normali/ang  factor 
(Table  I,  column  6)  can  be  approached  by  a  series  of  trial  ai)proximations. 


Table  II. 

SrMMAKY  COMPI  TATIOXS  FROM  (’(»MI*OSITE  ANALYSIS 
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9.89 

9.89 

Xa 

I 

X 

O.OI 

0.01 

Xa 

0.01 

0.01 
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0 

X 

0.10 

— 

H..O 

0.10 

0.10 

P,V 

0 

X 

5. .30 

26.80 

107)0“ 

(’ 

4 

X 

0.68 

2.72 

II 

1 

X 

0.52 

0.52  i 

F.V 

5..36 

5..36 

-f49.8:{  1 

%  X  0.68 

0.51 

H 

%  X  0.52 

0.13 

O 

o 

X 

23.88 

47.76 

6.00 

F 

I 

X 

2.12 

2.12 

-49.88 

i  O 

2.3.88 

2.3.88 

i  F 

2.12 

2.12 

26.00 

THE  CRYSTAL  CHEMISTRY  OF  CALCIFIED  TISSUES 

AlthoUM:h  the  above  deliberations  probably  will  not  materially  aid  the  bio¬ 
chemist  in  writino;  a  structural  formula  for  the  apatite  phase  of  calcified  animal 
tissues,  it  can  probably  be  assumed  that  he  will  not  be  able  to  do  so  under  any 
circumstances  until  he  is  thoroughly  familiar  with  all  of  the  crystal  chemical 
concepts  pertinent  thereto.  Surely  it  can  be  presumed  that  calculations  of  the 
carbonate  apatite  composition  of  enamel,  which  are  based  on  the  formula 
('a„(P04),s -Cat’O^,  cannot  possibly  be  correct  because  there  is  no  such  compound, 
and  this  fact  has  been  lepeatedly  demonstrated.  The  biochemist  has  an  im- 
measuieably  more  ditficult  task  because  of  the  critical  nature  of  the  water  con¬ 
tent  of  the  carbonate  apatites  and  their  intimate  association  with  other  volatile 
constituents  in  calcified  tissues.  Thus  it  may  ])rove  (piite  impos.sible  to  remove 
the  orffanic  matter  of  dentin  without  siffiiificantly  altering  the  composition  of  the 
mineral  phase.  Subsequent  calculation  of  several  mineral  phases,  without  any 
direet  evidence  of  their  jiresence,  can  only  serve  to  confuse  the  matter  further. 

Thus  in  liffht  of  the  extreme  comjilexity  of  the  crystal  chemistry  of  apatite 
it  is  nece.ssary  to  attack  the  simpler  problems  first.  Much  of  this  work  has  al¬ 
ready  Imsui  done.  K lenient*'*  has  synthesized  Na„('a,(S()4),.F.j  and  found  it  to 
have  the  structure  of  apatite.  Likewise  Minsruzzi"'*'*  was  able  to  synthesize  pleo- 
chroic  srreen  crystals  of  chlorapatites  containing  both  trivalent  and  hexavalent 
chromium.  Pieruccini*’  has  sujrjiested  that  aluminum  can  substitute  for  both 
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ami  pliosplionis  in  the  structure  of  apatite.  The  latter  type  of  siihstitu- 
tion  is  not  partienlaiiy  snritrisin*;  when  e«>nsi<lere(l  in  lijiht  of  Yoder’s”  demon¬ 
stration  of  complete  replacement  «»f  silicon  hy  aluminum  in  synthetic  yttrium 
jrartietoid,  althou(;h  substitution  <d‘  AlO,  for  SiO,  was  previously  suppose»l  to 
he  very  limited  in  orthosilicates.  It  must  be  concluded,  therefore,  that  the 
strueture  of  apatite  is  an  e.xteedinjily  tolerant  one  with  respect  to  modification  by 
isomorphic  substitution  and,  in  accordance  with  the  structural  model  described 
here,  there  are  tliese  three  possible  mo<lcs  of  entry  of  water  into  the  lattice: 

(1)  hydroxyls  which  substitute  for  Huoriue  to  yield  hydroxyapatite,  (2) 
hydroxyls  which  substitute  statistieally  for  I’O,  ami  i<leally  represent  (OH)^ 
jurroups,  and  (3)  neutral  water  which  substitutes  foi-  calcium  umler  certain  sjie- 
cial  conditions.  In  aiblition  the  (’O.,  sirou|)s  can  be  relegated  to  two  types: 
(1)  those  which  lie  parallel  to  the  basal  plane  and  thereby  si»rnificantly  con¬ 
tribute  to  the  enhanced  birefrinjjes  and  (2)  those  in  other  orientations. 

Deakijis  ami  Bnrt'*  have  made  a  ])ertiju*nt  observation  based  uj)on  their 
study  of  the  various  different  developmental  statics  of  the  enamel  of  pifis: 
“.  .  .these  elements  (('a,  I*,  and  (‘1  are  deposited  as  a  complex  com|)ound  having 
a  fixed  com])osition.''  This  imjiortant  conclusion  indicates  that  the  dental  enamel 
(of  pigs  at  least)  is  composed  essentially  of  one  inorganic  compound.  In  light 
of  the  well-established  fact  that  this  compound  always  {)roduees  the  powder 
diffraction  ])attern  of  an  aj)atite,  it  can  be  concluded  that  dental  enamel  is  essen¬ 
tially  a  carbonate  apatite  with  low  Huorine  content,  essentially  similar  in  com¬ 
position  to  the  mineral  dahllite. 

That  heating  of  bone  to  5)00°  (’.  or  above  can  ])roduee  crystalline  compounds 
other  than  apatites  is  not  particidarly  surprising.'^  In  fact,  reactions  within 
the  solid  ]>hase  would  seem  probable  under  these  eireumstances,  i)articularly 
if  these  dahllites  are  hydrates,  as  has  been  demonstrated  for  francolite.  There¬ 
fore,  it  is  concluded  that  the  wide  range  of  Ca:P  ratios  obtained  for  calcified 
tissues  are  not  inconsistent  with  the  conclusion  that  these  substances  are  ear- 
Iwnate  apatites.  Indeed,  no  straightforward  methcxl  has  ever  demonstrated 
that,  in  their  natural  condition,  these  substances  are  anything  other  than  car¬ 
bonate  ai)atite.  except  ])ossibly  for  certain  i)athologieal  conditions  of  consider¬ 
able  rarity.*'  Treatment  of  bone  and  tooth  substance  with  various  reagents  has 
yielded  such  minerals  as  brushite,*  CaHP()4'2H2().  Another  related  phosphate 
mineral,  whitloekite  )8-(^a3(  1*04)2,  is  kno^^^l  to  be  stable  at  ordinary  temperatures 
and  has  been  recognized  as  a  constituent  of  certain  urinary  calculi.**  However, 
the  x-ray  diffraction  i)atterns  of  these  substances  are  (piite  different  from  those 
of  apatite  and  presence  of  diffraction  lines  attributable  to  these  compounds  have 
not  been  reported  for  teeth  or  normal  bones. 

In  1930  Cape  and  Kitehin®  concluded  “.  .  .  that  enamel  is  not  an  insoluble 
colloid  but  is  composed  of  a  mass  of  crystals,  of  appreciable  microscopic  size, 
whose  optical  properties  are  measurable  and  definite.”  This  important  dis¬ 
covery  of  21  .veal's  ago  is  common  knowledge  today.  Likewise,  it  is  now  com¬ 
mon  knowledge  that  these  crvstals  produce  an  apatite-like  x-ra.v  diffraction 
pattern.  What  appears  to  be  obscure  from  the  viewpoint  of  the  biochemist  or 
dental  research  worker  is  the  fact  that  these  compounds  have  analogues  anu)ng 


62 


MoCONXKLL 


J.  D.  Re*. 
February.  I‘)S2 


minerals  and.  although  these  minerals  are  eompletely  erystalline,  homogeneous 
phases,  no  such  simple  formula  as  ('a3( PO^),, -(’aft).,  ean  he  used  to  describe 
their  compositions.  In  light  of  the  isomori)hic  variations  which  occur  among 
certain  other  mineral  series,  the  structural  hypothesis  here  i>roposed  for  fran- 
colite  does  not  seem  unreasonable.  Furthermore,  the  exceedingly  nice  manner 
in  which  the  composite  analxsis  can  he  calculated  to  fit  the  structural  hypothesis 
cannot  he  regarded  as  a  fortuitous  circumstance  in  light  of  the  exacting  recpiire- 
ments  of  calculations  of  this  sort. 

In  the  absence  of  adecpiate  data  on  the  chemical  properties  of  the  mineral, 
dahllite,  no  attempt  has  been  made  to  reconcile  its  com])osition  with  the  crystal 
.structure  of  francolite.  The  only  recent  analysis  of  dahllite  is  one  reported  by 
Met’onnelP*  and  in  this  case  certain  significant  discrei)ancies  in  the  water  con¬ 
tent  appeared  when  the  water  content  was  determined  for  several  ranges  of 
temperature  by  two  different  analysts.  In  view  of  the  critical  nature  of  the 
water  content,  it  seems  inappropriate  to  consider  this  mineral  in  detail  on  the 
Iwsis  of  this  single  analysis.  The  fiuorine  content,  however,  was  accurately  de¬ 
termined  by  Armstrong  and  found  to  be  0.19  per  cent.  Likewise  the  CO,  con¬ 
tent  was  aeeui-ately  determined  as  4.46  per  cent.  This  mineral,  with  its  low 
fiuorine  content,  is  apparently  just  as  real  in  its  existence  as  is  francolite. 
Here  again,  the  presence  of  no  second  crystalline  carbonate  phase  has  ever  been 
demonstrated. 

Inasmuch  as  the  earlier  conclusions  of  (Jruner,  McConnell  and  Armstrong'’* 
were  predicated  upon  the  somewhat  inadecpiate  hypothesis  of  Oruner  and 
McConnell,  it  follows  that  these  conclusions  are  subject  to  minor  modification. 
This  is  ])rimarily  the  consetpience  of  the  fact  that  hydroxyls  were  presumed  to 
enter  the  structure  only  in  substitution  for  fiuorine  of  fiuorapatite.  In  light  of 
present  considerations  this  concept  is  no  longer  tenable. 

SUMMARY 

It  is  concluded  that  rigorous  calculation  of  structural  formulas  for  dental 
enamel  will  not  be  po.ssible  until  anal.vtical  procedures  have  been  devised  for 
determining  three  different  types  of  water  (including  hydroxyls).  The  higher 
organic  content  of  dentin  and  bone  will  greatly  increase  the  analytical  difficul¬ 
ties  when  attempting  to  obtain  (|uantitative  information  on  the  types  of  water 
present.  Differential  thermal  methods  may  aid  in  the  solution  of  these  perplex 
ing  problems. 

Inasmuch  as  the  atomic  ratios  Ca:P:C  are  not  constant  for  calcified  animal 
tissues,  and  likewise  are  not  constant  for  the  carbonate-apatite  mineral,  fran- 
eolite,  calculations  based  upon  the  hypothetical  compound  3Ca3(P04), -CaCO, 
are  necessarily  anomalous.  But  the  variability  of  the  Ca:P:C  ratios  does  not 
constitute  a  valid  reason  for  assuming  that  more  than  one  crystalline  phase  is 
present,  and  no  direct  evidence  for  the  existence  for  a  second  phase  exists. 

On  the  basis  of  the  proposed  structural  hypothe.sis  for  francolite,  it  is  pos¬ 
sible  to  obtain  crystal  chemical  calculations  which  account  for  the  isomorphic 
substitution  of  carbon  in  the  lattice  of  apatite.  Presumably,  similar  conditions 
obtain  for  dental  enamel  and  prolaibly  also  for  dentin  and  bone. 
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CALCIUM  EXC'HANCE  IN  ENAMEL  AND  DENTIN  AS  SHOWN 

BY  CALIHI  M^" 

ELIZABETH  E.  UXDERWXX)!),  M.S.,  AND  HAROLD  V.  HODOE,  Dh.D. 

The  Diiision  of  Pharmacology  and  Toxicology,  Department  of  Kailiatian  liiology. 

The  University  of  Rochester  School  of  Medicine  and  Dentistry,  Rochester,  S.  Y, 

The  use  of  radioisotopes  has  penuitted  the  study  of  the  ineelumisins,  the 
pathways,  and  especially  the  rates  of  mineral  metabolism  to  he  investif?ated. 
Until  recently  little  work  had  been  done  on  calciunU''  since  the  radioisotope, 
Ca*'“,  is  somewhat  difficult  to  measure  and  the  activities  of  the  samples  available 
have  not  been  very  high.  Recently  a  number  of  papei*s  have  appeared ;  all  the 
workers  are  in  agreement  that  substantial  portions  of  a  dose  of  radiocalcium 
rapidly  reach  the  calcified  in  vivo  tis.sues.'  The  rapidity  of  the  process  is  sur¬ 
prising;  it  is  certain  that  the  Ca^^  found  in  the  bones  and  teeth  in  short  time 
periods  has  not  been  deposited  there  solely  as  a  result  of  the  growth  of  new  bone 
or  tooth  tissue.  The  experiments  in  vitro  rei)orted  herewith  provide  evidence 
that  the  rapid  phase  of  deposition  of  Ca*’  is  an  exchange  reaction  iii  which  the 
surfaces  of  the  crystals  of  hydroxy lapatite  play  an  important  role. 

KXI'KRIMKNTAL 

Samples  were  jirepared  of  fresh  and  glycol-ashed  dentin,  and  of  dried 
enamel.  The  tooth  tis.sues  were  prepared  from  dried  human  teeth  from  which 
carioas  material  and  fillings  were  carefully  removed  before  i)ulverizing  to  60 
to  HXJ  niesh  size.  Dentin  and  enamel  were  separated  by  centrifugal  flotation, 
and  the  purity  of  each  .sample  was  established  by  particle  count.  A  portion  of 
the  dentin  was  glycol  ashed. 

Kadiocalcium,  ('a*',  half-life  180  days,  was  obtained  from  the  Clinton 
Lalx>ratories,  Dak  Ridge,  Tenn.  The  .solutions  were  prepared  by  dis.soIving 
125  mg.  calcium  carbonate  in  the  calculated  amount  of  3  N  hydrochloric  acid 
and  heating  to  drive  off  carbon  dioxide.  This  solution  was  diluted  to  about  800 
ml.  with  distilled  water,  and  the  ])H  adjusted  to  ai)proximately  7.5  using  0.001 
N  ammonium  hydroxide.  Any  argon  present  as  a  radio-contaminant^  was  re¬ 
moved  by  bubbling  air  vigorously  through  the  solution  for  15  minutes  prior  to 
making  the  volume  1  L.  with  distilled  water. 

Non  radioactive  calcium  solutions  were  prepared  from  iceland  spar  by  solu¬ 
tion  in  hydnx'hloric  acid.  Three  calcium  concentrations  were  used:  specifically, 
1.25  X  X  lO  '^  X  10  *  M.,  respectively.  The  solutions  used  in  the  adsorption 
experiments  were  analyzed  for  calcium  before  and  after  exposure  of  the  hard 
tis.sues  by  the  method  of  Salomon,  (labrio,  and  Smith,-^ 

Selected  s<jlufions  ami  some  of  the  hard  tis.sue  samples  were  analyzed  for 
phosphorus  by  the  metluxl  of  Fisk  and  Subbarow.* 

Tlie  i>H  was  determined  using  the  Beckman  j)!!  meter  and  a  glass  electrode 
calibrated  against  a  .stamlard  pH  7  phosphate  buffer  at  25°  ('. 

Keoeiveil  for  publioHtion,  June  27,  1951. 
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Table  I 

Oi.YCoi, -Ashed  Dentin 


CONCENTRATION 

OF  SOLUTION 

1.25  X  10-2  M.  ca 

1.25  X  10-3  M.  ca 

TIME  OF 

EXPOSURE  %  1 

ON  DENTIN  j 

%  EXCIIANOED  1 

%  ON  DENTIN 

%  EXCIIANOED 

1  hour 

'  Ts 

2^55 

2  hours 

io.:{ 

8.11 

20.a 

2.15 

4  hours 

l.I.O 

ii.a 

S  hours 

14.0 

12.4 

04.3 

14.0 

I a  hours 

14.5 

12.2 

70.2 

10.5 

1  tlay 

i4.a 

12.1 

71.1 

20.5 

2  (lays 

i5.a 

12.0 

ao.o 

18.4 

3  (lays 

15.7 

12.8 

07.5 

10.8 

4  (lays 

15.2 

12.5 

70.1 

10.3 

5  (lays 

00.2 

18.4 

a  (lays 

la.o 

13.7 

00.7 

10.1 

7  (lays 

17.1 

14.0 

70.5 

10.0 

S  (lays 

00.2 

18.8 

!♦  (lays 

17.7 

14.a 

70.0 

20.1 

10  (lays 

ia.5 

13.a 

12  (lays 

la.a 

14.0 

Table  U 
Kresh  Dentin 


CONCENTRATION  I 
OF  .SOLUTION  1 

1.25  X 

10  2  M.  ca 

1  1.25  X  10-3  M, 

.  ca 

TIME  OF 

1 

1  1 

EXPOSURE 

%  ON  DENTIN 

1  %  EXCHANGE 

1  %  ON  DENTIN  1  % 

EXCHANGE 

8  hours 

0.0 

0.87 

10  hours 

2.70 

2.58 

0.9 

0.90 

1  (lav 

2.40 

2.07 

1,3.4 

1.39 

2  davs 

,3.14 

2.74 

19.0 

2.16 

3  (lavs 

3.53 

3.20 

22.3 

2.57 

4  (lavs 

3.51  . 

.3.18 

5  (lavs 

4.17 

3.88 

21.7 

2.35 

0  davs 

4.85 

4.40 

24.7 

,3.06 

7  davs 

6.55 

6.05 

28.3 

.3.93 

8  davs 

0.74 

0.48 

27.7 

3.62 

0  davs 

0.06 

0.82 

30.1 

4.14 

10  davs 

13.5 

13.7 

29.6 

6.22 

12  davs 

17.3 

17.7 

43.2 

7.72 

14  davs 

18.2 

10.7 

43.8 

7.51 

10  davs 

10.5 

21.6 

46.1 

8.10 

18  davs 

20.4 

23.0 

49.3 

8.66 

20  davs 

21.5 

24.6 

50.9 

9.86 

24  davs 

21.4 

24.5 

25  davs 

53.5 

11.4 

26  davs 

22.1 

25.5 

28  davs 

21.6 

24.5 

30  davs 

21.5 

24.7 

57.8 

13.6 

RaiHoactivity  determinations  for  ealeium  were  made  using  a  mica  window 
counter  of  window  thickness  3-4  mg.  per  square  centimeter.  The  tube  was 
purchased  from  the  Radiation  (’ounter  Lalioratories.  (’hicago.  Two  ml.  ali¬ 
quots  of  solutions  were  placed  in  a  stainless  steel  cup  and  counted  directly  if 
the  activity  exceedeil  three  times  the  background  count  of  12  counts  per  minute. 
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Samples  of  very  low  aetivity  were  evajiorated  to  dryness  under  an  infrared 
lamp.  This  prcx-edure  irreatly  enhaneed  ( 10-fold)  *  the  eounting  effieieney;  the 
standard  error  was  much  higher  in  counts  of  dried  samples  hut  the  percentage 
standard  error  was  much  lower.’ 

The  adsorption  procedure  was  carried  out  as  follows:  50  mg.  samples  of 
dentin  or  enamel  were  placed  in  conical  50  ml.  (*entrifuge  tubes  to  which  were 
added  25  ml.  sam]>les  of  the  calcium  solution  of  the  desired  concentration.  The 
tubes  were  stoppered  with  rubber  stoppei’s  and  were  placed  in  a  shaking  machine 
for  the  short-time  studies  and  in  a  revolving  holder  for  the  long-time  studies. 
In  both  cases  the  agitation  was  carried  on  in  a  room  maintained  at  40°  C.  At 
the  end  of  the  designated  time  periods,  the  samples  were  centrifuged,  the  solu¬ 
tions  decanted,  the  tubes  drained  and  the  bone  was  dissolved  without  washing 
in  3  ml.  of  3  N  nitric  acid. 

RESULTS 

The  time  curves  of  adsorption  from  10'®  M.  calcium  chloride  are  given  in 
Fig.  1.  The  data  for  the  glycol-ashed  bone  taken  from  the  i)aper  of  Falkenheim, 
Neuman,  and  Hodge"*  show  evidence  of  a  rapid  adsorption  of  Ca**’’  to  an  extent 
of  api)roximately  60  per  cent  of  that  in  the  original  solution.  The  glycol-ashed 
dentin  (Table  I)  adsorbs  Ca^^  with  equal  rapidity  and  to  an  equal  or  slightly 


TIME  IN  DAYS 

KIb.  1. — A<lKor|)tion  of  Ca‘'  from  x  10-’  M.  CaCU  .solution. 

greater  extent,  i.e.,  about  70  jier  cent.  Fresh  dentin  (Table  II)  adsorbs  much 
more  slowly  and  in  14  days  had  taken  uj)  only  40  per  cent  of  the  Ca^^  from  the 
sfjiution.  Enamel  (Table  MI)  adsorbs  only  about  2  per  cent  and  shows  little 
tendency  to  an  increase  in  time  within  14  days. 

To  follow  the  course  of  the  adsorption  and  to  eomimre  the  results  from  ex- 
I>eriment  to  exiieriment,  it  has  been  convenient  to  u.se  a  term,  the  specific  aetivity 
ratio  defineil  by  the  following  ecpuition: 

..  r  ini',  (’a  1  .  f  <*.i).iii.  (*a'‘5  1  x  100 

'  [  ••.p.iii.  (’u<s  J  iiig.  Uii  J 
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In  Fiff.  2,  the  specific  activity  ratios  (SAR)  are  plotted  for  fresh  and  for  ulyeol- 
ashed  dentin  when  expose<l  to  10  *  and  10“^  M.  calcium  chloride  solutions, 
(ilycol-ashed  dentin  adsorbed  more  calcium^*  from  the  more  dilute  solution; 
in  both  cases  the  SAR’s  exhibit  a  phase  of  very  rapid  inerea.se  in  which  most 
of  the  adsorption  occurs  followed  by  a  prolon|?ed  period  of  little  or  no  increa.se. 
The  SAR’s  for  fresh  dentin  are  practically  superimposed  for  approximately 
the  first  week,  regardle-ss  of  concentration,  and  at  this  time  the  SAR’s  are  much 
smaller  than  for  the  fjlycol  ash.  After  the  first  week,  however,  the  SAR’s  at 
10  ®  M.  continue  a  nearly  linear  increase  for  a  periiul  of  at  least  a  month  to  a 
value  of  about  Ifi.  In  contrast,  the  SAR’s  at  10  *  M.  ri.ses  rapidly  and  in  about 
three  weeks  reach  a  value  of  about  25,  after  which  there  is  little  increase. 


Fig.  2. — Specific  activity  ratios  for  fresh  and  for  glycol-ashed  ilentin  at  Cacli  solutions 
of  approximately  10-’  and  10  ’  M. 

#  10-*  glycol-ashed  dentin  O  10  ’  glycol-ashed  dentin 

A  10-’  fresh  dentin  A  fresh  dentin 


DISCUSSION 

Exchange  vs.  Deposition. — In  bone,  the  adsorption  of  Ca*^  has  lieen  shown 
to  be  a  reversible  exchange  reaction’  as  was  previously  demonstrated  for  P^®.’ 
It  is  easy  to  justify  the  exchange  concept.  In  Fig.  1,  for  example,  60  per  cent 
of  the  Ca*^  is  taken  from  the  solution  by  the  solid  bone  powder  in  a  relatively 
few  hours.  The  solution  in  question  contained  1.27  mg.  calcium  initially.  If 
60  per  cent  of  all  of  the  calcium  had  been  deposited  on  the  bone  powder,  the 
solution  finally  should  have  contained  1.27  -  0.76,  or  about  0.5  mg.  Instead  by 
analysis,  the  calcium  content  averaged  1.48  mg.*  Since  Ca**  deposition  had 
not  been  accompanied  by  a  proportionate  net  deposition  of  nonradioactive  cal¬ 
cium,  it  is  assumed  that  Ca^'*  in  solution  had  exchanged  with  Ca*'*  on  the  Imne. 
The  reversibility  of  this  reaction  also  was  established  by  desorption  experiments 
that  demonstrated  a  similarity  in  the  ultimate  distribution  of  Fa**  between  Ixme 
and  .solution,  regardless  of  whether  the  Ca**  was  initially  present  in  the  lH>ne  or 
in  the  solution. 
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Table  111 


Examei, 


COXCEXTRATIOX 

-  - 

OF  SOLVTIOX 

10-2  M.  oa  1 

10-2 

M.  ca 

TIME  OF  1 

EXPOSURE  I 

f/f  ra«5  ox 

E.  EXCHAXGEI) 

<yf  ra«''  OX  E. 

1  %  EXCHANCEIt 

1 

hour 

0.4,1 

0.33 

2 

hours 

0.51 

0.37 

4 

hours 

0.49 

0.40 

0.00 

0 

16 

hours 

0.78 

0.63 

2.7 

1.6 

1 

dav 

0.99 

0.74 

2 

davs 

0.81 

0.69 

0.7 

0.6 

.1 

davs 

1.09 

0.95 

4 

davs 

0.90 

0.73 

5 

davs 

0.85 

0.74 

2.3 

2.10 

6 

davs 

0.95 

0.83 

2.6 

2  22 

7 

davs 

1.03 

0.87 

s 

davs 

0.95 

0.79 

10 

davs 

o 

2..39 

12 

davs 

2.0 

2.50 

14 

days 

2.3 

2.09 

The  concept  of  exchange  applies  equally  well  to  the  adsorption  of  t^a*’  by 
dentin  and  enamel.  Olycol-ashed  dentin,  in  fact,  follows  a  pattern  of  adsorp¬ 
tion  nearly  identical  to  that  of  glycol-ashed  bone.  In  contra.st,  enamel  adsorbs 
so  slowly  that  it  is  difficult  to  be  sure  whether  the  same  kind  of  reaction 
is  involved.  As.suming  that  .something  comparable  to  an  equilibrium  condition 
is  established,  the  Ca^®  is  distributed  between  dentin  or  enamel  and  solution  in 
such  a  way  that  all  of  the  solution  calcium  and  a  part  of  the  dentin  or  enamel 
calcium  are  involved.  At  equilibrium,  the  SAR  has  .special  significance;  it  has 
been  called  the  exchangeable  fraction.’  Bone  has  a  large  exchangeable  fraction ; 
nearly  25  per  cent  of  the  calcium  of  glycol-ashed  bone  apparently  can  exchange 
with  solution  calcium.  In  the  case  of  glycol-ashed  dentin,  the  exchangeable 
fraction  amounts  to  about  20  per  cent  after  9  days,  and  in  the  case  of  enamel 
the  exchangeable  fraction  is  of  the  order  of  2  per  cent  (10"^  molar  solutions). 

Rates  of  Reaction. — The  rates  of  adsorption  of  Ca*’  by  glycol-ashed  bone 
and  by  dentin  are  compared  with  that  by  enamel  samples  in  Fig.  3.  In  each 
case,  the  adsorption  approximates  a  simple  exponential  function.  The  values 
Mog  A)  in  Fig.  3  plotted  again.st  the  adsorption  time  are  the  logarithms  of  the 
differences  between  the  percentage  of  adsorbed  on  the  bone  at  a  given  time 
as  compared  to  the  maximal  percentages  in  each  case.  The  reaction  rates  may 
be  characterized  by  the  half-time  constants.  The  data  in  Table  IV  show  that 
the  adsf>rption  is  half  completed  by  glycol-ashed  bone  or  dentin  in  a  matter  of 
hours  whereas  days  are  retpiired  for  fresh  bone  or  dentin  to  reach  the  same  sta- 

Tabi.e  IV 


Hate  Ojnstantr  (Hai.e-Time  Vai.ues) 


TREATMENT  | 

1  HONE 

1  DENTIN  1 

1  ENAMEL 

GTalciuin  donf.)  I 

10-2  M. 

10-3  M.  1 

10-2  M.  1 

10-3  M. 

10-2  M.  1  10-3  M. 

Glycol  Ash 

16  hrs. 

2  hrs. 

6  hrs. 

8  hrs. 

; 

Fresh 

4  <lays 

8  days 

12  (lays 

20  days 

10  hrs.  1  32  hrs. 

Volume  ^  I 
Number  I 
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tisticjil  point.  Tlio  more  nipid  aeliievement  <1!’  the  half-time  value  in  the  ea.se 
of  enamel  is  an  imlieatioji  that  the  a«lsor|)ti«>n  may  he  larfjely  limited  to  the 
sui’faees  of  the  powder  |)artieles. 

When  the  eorrespondinjj  values  for  the  ad.sorption  of  on  dried  dentin 
are  plotted  atjainst  time,  snuudh  eurves  (h’i>r.  4)  are  ohtaine*!  in  eaeh  ease.  It 
should  he  note<l  that  the  eoneent  rat  ions  here  are  2  x  10  x  10  and  10  ^  M. 
While  the  basis  for  this  dift'erenee  in  rate  eharaeteristies  is  ohseure,  one  faet  is 
plain,  namely,  that  the  meehanism  for  the  ad.sorption  of  ealeium  is  prohahly 
not  i<lentieal  with  the  meehanism  of  adsorption  of  phosphorus.  A  similar  state¬ 
ment  may  he  made  eoneerninjj:  the  adsorption  eurves  for  1”*  on  enamel  at  the 
same  eoneent  rat  ions  (Ki>j.  5)  althoutjh  the  data  at  10 ‘‘  M.  are  almost  linear. 
Kalkenheim,  rnderwood,  ami  Ilodfje'  j)oint«*d  out  that  the  a<lsor|)tion  of  eal¬ 
eium  on  hone  is  an  exponential  proeess,  whereas  the  adsorption  of  was  hyper- 
holie.  A  hyperholie  eourse  frecpjently  is  <leserihed  hy  the  P’*  exehange  for  hone 
and  enamel,  hut  this  did  not  apply  ij«  the  ease  of  dentin. 


Fig.  3. — Rates  of  Ca“  exchange  with  glycol-ashed  bone  and  dentin  and  fresh  enamel. 

>10-*  giycol-ashe<l  dentin  A  10‘*  glycol-ashed  bone 

10-*  enamel  □  10-=  enamel 

Exchange  vs.  EecnjstuUizotion. — Neuman  and  Mulryan^  have  deserilietl  the 
slow  phase  of  P’*  fixation  hy  lione  as  a  reerystallization  process.  Falkenheim, 
Underwood,  and  Hodge'  have  shown  that  the  slow  jiliast*  of  Ua*^  exchange  with 
hone  is  more  or  less  eomparahle  with  the  P'*  exchange.  The  data  in  Tables  I 
and  II  show  that  fresh  dentin  exhibits  a  markedly  different  time  eourse  of  Ca*® 
exchange  than  does  glyeol-ashed  dentin.  In  Fig.  6,  the  plotted  data  show  that 
at  10‘®  M.  ealeium  eoneent  ration,  fresh  dentin  follows  an  exixmential  eourse 
with  what  appear  to  be  randomly  distributed  variations.  In  the  .same  figure. 
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the  (l«ta  at  10  *  M.  Ocaeribe  a  peeuliar  eourse:  during  the  first  week,  the  data 
fall  alon>r  a  straijfht  line  of  small  slope,  after  whieh  for  a  period  of  approxi¬ 
mately  a  week  there  is  another  linear  tetnleney,  but  of  mueh  K^eater  slope;  the 
data  reeorde<l  for  the  longest  exposure  times  (14  to  16  days)  apt)ear  to  fall  on 
a  straight  line  throu>rh  the  iidtial  time  point.  This  raises  a  (juestion  as  to 
whether  the  aberrati«)n  in  the  early  part  of  the  experiment  may  be  due  to  some 
cause  unrelate<l  to  the  exehan>;e  phenomena.  It  mi^ht  be  suftf?este<l,  for  ex¬ 
ample,  that  the  eoneentration  of  ealeium  in  the  solution  produces  an  effect  on 
the  j)rotei!i  of  the  <lcntit)  matrix  in  such  a  way  that  the  penetration  of  is 
himlered  <lurin^:  the  ffrst  10  <lays. 


Kig.  6. — Rates  of  exchange  of  Ca“  with  fresh  dentin  and  fresh  bone  at  concentrations  of 
approximately  1--*  and  10-’  M. 

A  10-*  M  fresh  dentin  #  10-*  M  fresh  bone 

A  10=  M  fresh  dentin  _■  10-*  M  fresh  bone 

Neuman  and  Mulryan**  and  Falkenheim,  Undenvood.  and  Hodge’  found  it 
necessary  to  use  two  lines  to  describe  the  rates  of  calcium  and  phosphorus  ex¬ 
change  in  fresh  bone  (observation  period  of  a  month).  It  is  delmtable  whether 
two  lines  need  to  be  applied  to  data  on  fresh  dentin  shown  in  Fig.  6  (period  of 
16  days).  This  by  no  means  rules  out  the  jHissibility  that  the  appearance  of 
(^a^^  in  the  jiowdered  dentin  is  the  result  of  a  combination  of  prtK*esses  one  of 
which  is  an  exchange  with  calcium  ions  on  the  crystal  surfaces  and  another  is 
the  recrystallization  prcM-ess  involving  the  solution  of  small  crystals  and  the 
growth  of  larger  ones. 
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Crystal  Surfa<-e. — The  importance  of  the  crystal  surfaces  in  mineral  me¬ 
tabolism  already  has  been  mentioned.  The  surfaces  referred  to  are  not  the 
surfaces  of  the  powder  particles  in  the  case  of  bone  and  dentin,  althoufjh  it  is 
entirely  possible  that  the  enamel  adsorption  is  larfjely  limited  by  powder 
particle  size.  Hendricks  and  Hill'  have  recently  shown  that  the  adsorbinfj 
surface  of  jmwdered  enamel  increases  from  2.1  m*  j)er  ^ram  for  (lO-ViO  mesh 
powder  to  6.S  per  gram  for  particles  that  pass  through  a  325  mesh  screen. 
The  crystals  responsible  for  the  e.xchange  with  Ca*"’  i)rot)ably  are  the  very 
minute  hydroxylapatite  crystals  laid  in  the  matrix  substance  of  dentin  or,  in 
the  case  of  enamel,  constituting  most  of  the  body  of  the  enamel  rod.  In  Table 
V,  the  average  crystal  length  as  determined  by  x-ray  diffraction  studies  by 


Tabi.e  V 


TISSUE 

! 

■  i 

CRYSTAL 

SIZE 

DENSITIES 

SI’ECIFIC 

Sl’RFACES 

%  EXCHANGE 

ca  1.25  X  10-3 

M  (AT  END  OF 
RAPID  PHASES) 

%  EXCHANGE 
PO4  1.55  X 
10-3  M 

SOURCE 

Bale*^ 

(cm.) 

Manly,  Hodge, 
Ange» 

Wood*® 

(sq.  m/Gm.) 

Falkenheim, 

Neuman, 

Hodge* 

BONE 

1  10-6 

2.0 

100.0 

13.5 

12.0 

DENTIN 

10-6 

o  o 

2.4 

14.9 

1.8 

ENAMEL 

1  10-4 

2.9 

1.8 

1.0 

0.25 

Bale,®  an  estimate  of  the  average  density  of  each  tis.sue,®  the  specific  surfaces 
as  determined  by  Wood,’®  and  the  exchangeable  fractions  of  calcium  and 
phosphorus  are  given.  Enamel  has  a  considerably  larger  exchangeable  calcium 
fraction  than  was  found  for  phosphorus.  As  has  been  pointed  out  before,  the 
exchangeable  fraction  of  bone  calcium  and  of  phosphorus  are  entirely  compar¬ 
able.  In  the  case  of  dentin,  the  exchangeable  calcium  fraction  is  as  great  or 
greater  than  that  of  bone,  whereas  the  exchangeable  phosphorus  fraction  was 
previously  determined  to  be  only  Yq  that  of  bone.  Since  the  Ca’^  exchange  was 
measured  on  glycol-ashed  dentin  and  the  P®’'  exchange  on  dried  dentin  (organic 
matter  still  present),  the  difference  may  be  ascribed  tentatively  to  the  presence 
of  organic  matter.  The  near  equality  of  the  surfaces  indicated  from  the  calcium 
study  would  be  expected  on  the  basis  of  Bale’s  x-ray  data*  in  which  the  average 
crystal  length  (10  **  cm.)  was  of  the  same  order  of  magnitude  as  in  bone.  It  is 
possible  from  values  for  the  exchangeable  fraction  to  make  a  rough  approxima¬ 
tion  of  the  size  of  the  enamel  crystals.  Assuming  the  crystals  are  cubic,  the 
area  of  .\  particles  is  fi  .\'  h*  (where  L  is  the  length  of  the  side),  and  for  3  Gm. 
of  enamel,  this  is  3  x  l.H  m^  or  apiu'oximately  fi  x  10’  .s<p  cm.  The  volume  would 
be  \  1/  or  1  c.e.  Solving  these  e<juations  gives  an  approximate  “length”  of 
the  hydroxylapatite  crystals  of  enamel  of  1  x  10  ’  cm.  This  is  in  reasonable 
agreement  with  the  size  reported  by  Bale.  It  is  an  interesting  fact,  perhaps 
only  eoineidence,  that  the  average  diameter  of  enamel  rods  is  about  4  microns 
and  this  is  4  x  10  ’  cm.  To  the  x-ray  beam,  the  principal  rei)eating  distance 
may  be  the  calcified  enamel  rod.  To  the  Ca’^  ion  in  .solution,  the  surface  avail¬ 
able  for  adsorptir>n  exchange  may  also  be  that  more  or  less  formed  by  the 
hi.stological  unit  of  the  enamel  rod. 
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HU  MM  ARY 

1.  The  adsorption  of  t’a^’  liy  poM’dorrd  dentin  and  enanici  from  a«iueoiis 
ealeinm  solutions  (1.25  x  10  *,  x  10  and  x  10  *  M.)  has  been  measured  in  vitro. 

2.  On  nlyeol-ashe<l  dentin,  the  rapi<I  phase  of  ealeinm  adsorption  is  an 
exchan^t*  reaeti«)n  in  M'hieh  as  niueh  as  %  of  the  total  ealeinm  atoms  of  the 
dentin  may  ultimately  take  i)art.  In  fresh  <lentin,  a  slower  hut  even  more 
extensive  exehanRe  may  oeenr.  On  enamel,  only  2  per  eent  of  the  ealeiurn  atoms 
appear  to  exehaiifje. 

3.  The  adsorption  probably  takes  plaee  on  the  surfaees  of  the  ultramiero- 
extensivc  exehantre  may  oeenr.  On  enamel,  oidy  2  |)er  eent  of  the  ealeinm  atoms 
seopie  hydroxylapatite  erystals.  These  erystals  are  mneh  larger  in  enamel  (Ut  * 
cm.  in  len^rth)  than  in  dentin  (10  em.). 
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ELECTRON  MICROSCOPY  OF  MATURE  HUMAN  ENAMEL 

DAVrn  B.  SCOTT,*  MARIE  J.  USSIXG,**  REIDAR  F.  SOGNNAES,***  AND 
RALPH  W.  G.  WYCKOFF**** 

Xalionai  InMitutes  of  Health,  Hethesda  14,  Md.,  and  Harvard  School  of  Dental  Medicine, 

Host  on.  Mass. 

Examinations  of  mature  human  enamel  under  the  eleetron  mieroseope 
have  ill  the  past  been  eonducted  by  means  of  replicas  of  the  surfaces  of 
ground  sections.^  ®  Replica  teehnupies  were  early  introduced  into  eleetron  mi¬ 
croscopy  to  study  very  dense  materials  which  could  not  be  obtained  in  sufficiently 
thin  form  of  direct  observation.  They  reveal  only  surface  structure,  but  where¬ 
as  with  teeth,  etching  is  possible,  they  can  also  give  many  indications  of  internal 
structure.  Previous  replica  studies  have  demonstrated  the  general  appearance 
of  enamel  at  higher  magnification,*  ®  the  presence  of  prism  shenths,*  *  and  the 
existence  of  a  fine  fibrous  network  within  and  between  the  prisms.**  ®  Some 
observations  have  been  interpreted  to  indicate  that  the  organic  framework  of 
the  enamel  decreases  in  quantity  with  advancing  age,®  and  that  it  contains  spiral 
configurations.*  Little  has  been  seen  of  the  crystalline  matter  in  the  enamel, 
though  a  few  micrographs  have  been  published  which  have  been  thought  to 
show  crystal  outlines.* 

The  development  of  thin  sectioning  techniques  for  the  direct  obs»;rvation 
of  soft  tissues  under  the  electron  microscope  has  provided  a  new  approach  to 
the  study  of  enamel.  Although  fully  mineralized  enamel  cannot  be  sectioned 
by  these  methods,  demineralized  enamel  can  be  handled  with  considerable  success. 
Such  sections  are  especially  instructive,  and  contribute  much  to  a  better  under¬ 
standing  of  the  replica  studies. 

The  present  report  de.scribes  the  appearance  of  mature  human  enamel  as 
observed  in  replicas  and  in  thin  sections.  It  is  concerned  only  with  the  major 
structures  that  make  up  the  enamel,  that  is,  the  prisms,  interprismatic  substance, 
and  the  organic  framework  associated  with  them. 


Collodion  replicas  of  the  surfaces  of  ground  tooth  sections  were  prepared 
by  methods  already  described.®  The  sections,  about  1  mm.  thick,  were  cut  from 
extx-acted  teeth  on  a  machine  which  employs  a  thin  rubber-bonded  silicon  car¬ 
bide  cutting  wheel  revolving  at  high  speed  under  running  water.  Longi¬ 
tudinal,  transverse,  and  sagittal  sections  were  prepared,  as  well  as  sections  cut 
parallel  to  the  tooth  surface  and  containing  enamel  alone.  One  face  of  a  sec¬ 
tion  was  polished  to  a  high  finish  on  metal lographic  emery  jxapers.  The  polished 
surface  was  next  etched  by  immersion  in  acid.  The  princij^al  acid  used  was 

R«ceive<l  fur  publication,  Auk-  3,  1951. 

•National  Inatitute  of  Dental  Reaearch. 

••National  Institute  of  Dental  Keaearch ;  F'reaent  Htl<lre8a;  National  Dental  College  of 
Denmark,  Copenhagen. 

•••Harvard  School  of  Dental  Medicine. 

••••National  Institute  of  Arthritis  en«l  Metabolic  Disease. 


74 


Volume  5 1 
Number  I 


ELECTRON  MICROSCOPY  OF  MATURE  HUMAN  ENAMEL 


75 


hydrochloric,  in  concentrations  ran^inR  from  0.01  N  to  1.0  N.  Several  other 
acids  were  used  to  a  Ics.ser  extent,  including  0.01  to  1.0  N  nitric,  and  0.2  N  to 
0.8  N  citric  and  lactic  acids.  Exposures  raufied  from  1  to  10  seconds,  and  were 
terminated  by  washing  in  distilled  water.  After  etching,  the  surface  was  thor¬ 
oughly  dried  in  a  gentle  stream  of  comju-essed  air,  then  covered  with  a  few 
ilrops  of  eollodion,  I'.S.I*,,  diluted  1  :6  with  ether,  and  allowed  to  dry  in  air. 
In  order  to  remove  the  tooth  .substance,  the  section  was  floated,  collodion  side  ui», 
on  the  surface  of  18  ])er  cent  IK’I  for  at  least  24  hours.  The  replica  was  then 
transferred  for  further  eleaning,  to  the  surfaee  of  a  1  per  cent  pepsin  (1 :10,tK)0) 
solution,  1)11  1,8,  and  incubated  at  37°  for  8  hours.  It  was  next  washed 
by  two  transfers  to  the  surface  of  fresh  distilled  water.  Electron  microscope 
specimen  screens  were  placed  on  the  replica,  which  was  face  •lown  on  the  water, 
and  the  screens  and  replica  together  were  picked  up  with  absorbent  i)aper.  The 
iTplica  was  then  shadowed  with  chromium  and  examined  with  an  K(.*A  type 
EMr  electron  microsco|)e,  Morp  than  500  replicas  were  ma<le  in  this  way,  about 
1500  specimen  screens  have  been  examined,  and  over  2(KM)  micrographs  taken. 
Thin  sections  of  demineralize)!  enamel  were  prepared  employing  es.sentially 
the  methods  of  dehydrati)>n,  embe<lding,  and  eutting  <lescribed  by  Newman, 
Borysko,  and  Swerdlow,*  The  initial  material  consisted  of  eross  sections  of 
teeth,  about  a  millimeter  thick.  These  were  demineralized  in  collodion  bags 
according  to  a  method  described  by  Sognnaes,**  A  section  was  placed  in  the 
bottom  of  a  collodion  lijig,  which  was  then  suspended  on  a  string  in  a  250  ml, 
flask  containing  almiit  200  ml,  of  5  per  cent  triehloraeetic  or  5  per  cent  i)hos- 
phoric  acid.  The  Hask  was  stoppered  and  i)laced  in  a  cold  nnim  at  5°  (,\  for 
one  to  two  weeks.  The  big  was  then  transferred  to  distilled  water  for  several 
hours,  and  the  specimen  thus  washed  free  from  acid. 

The  demineralized  tooth  section  was  next  placed  in  the  center  of  a  water- 
filled  Petri  dish  by  carefully  holding  the  bag  so  that  its  bottom  rested  gently  on 
the  bottom  of  the  dish,  and  cutting  the  bag  off  with  a  scissors  at  a  level  a  few 
millimeters  above  the  specimen.  Accessible  portions  of  the  remains  of  the  bag 
were  then  gently  removed  from  around  the  section.  Water  was  next  pipetted 
slowly  from  the  Petri  dish  to  a  level  just  al)ove  the  top  of  the  specimen.  Suffi¬ 
cient  95  per  cent  alcohol  was  added  to  the  remaining  water  to  bring  the  final 
concentration  to  approximately  40  per  cent.  Hourly  changes  of  alcohol  were 
made,  the  eoncentration  being  raised  about  20  i)er  cent  each  time,  ending  with 
3  changes  of  absolute  alcohol,  During  this  alcohol  dehydration  the  remains  of 
the  collodion  bag  dissolved  completely.  Approximately  half  of  the  alcohol  was 
then  removed  from  the  Petri  dish  and  replaced  with  an  inhibitor-free  mixture 
of  N-butyl  methacrylate  and  methyl  methacrylate  in  a  ratio  of  9:1,  One  hour 
later  this  licpiid  was  removed  to  the  level  of  the  specimen  and  replaced  with 
fresh  monomer  mixture.  Four  similar  changes  were  then  made  at  hourly  in¬ 
tervals,  The  final  infiltrating  medium,  made  up  of  the  same  monomer  mixture 
to  w'hich  enough  of  the  catalyst,  2,4-dichloro-benzoyl  peroxide,  had  been  added 
to  provide  a  concentration  of  1  per  cent,  was  then  introduced  in  the  same  man¬ 
ner,  After  several  houi’s  of  infiltration  the  specimen  was  ready  for  embeilding. 
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Fig.  2. — Keplica  of  enamel,  showing  imiiatinct  prism  sheaths  and  traces  of  fibrillar  net¬ 
work.  (Cross-section,  etched  3  sec.  with  0.1  X  HCl)  X7,200. 

Fig.  3. — Keplica  of  enamel  showing  prominent  prism  sheaths  and  granular  texture  of 
prismatic  and  interprismafic  substance.  (Cross-section,  etched  3  sec.  with  0.1  X  HCO  x7.2(M>. 

Fig.  4. — Replica  of  enamel,  showing  two  indistinct  prism  sheaths,  and  parallel  fibrils  t.\> 
in  interprismatic  substance.  (Cross-section,  etched  12  sec.  with  0.1  X  HCO  Xll.3')0. 

Fig.  5. — Replica  of  enamel,  showing  prominent  submicroscopie  fibrils  and  no  prism 
sheaths.  (Cross-section,  etched  5  sec.  with  0.1  X  HCl)  X7,200. 
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Fig.  6. — Kfrirlica  of  enamel,  ahowingr  pronouncerl  prism  sheaths  and  traces  of  fibrillar 
network.  (Cross-section,  etched  5  sec.  with  0.1  N  HCl)  X 7,200. 

Kl|f.  7. — Keplica  of  enamel,  showing  large  quantity  of  submlcroscopic  fibrils.  (Cross- 
section,  etched  5  sec.  with  0.1  N  HCl)  x7,20O. 

Fig.  8. — Cross-sectlrm  tjf  demineralized  enamel,  showing  prism  sheaths  and  submicro- 
scopic  fibrillar  network.  X 5,800. 

Fig.  9.— t’ross-section  of  demineralized  enamel,  showing  at  lugh  magnification  one  prism 
and  part  of  twr>  a<l joining  prisms.  xS.ObO. 
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According  to  the  embedding  method  recommended  by  Newman,  Borysko 
and  Swerdlow,'  a  small  piece  of  tissue,  not  over  1  cu.  mm.  in  size,  is  placed  in 
the  bottom  of  a  gelatin  capsule  (size  00)  filled  with  methacrylate-catalyst  mix¬ 
ture.  The  plastic  is  then  polymerized  in  an  oven  at  45°  C.  during  a  period  of 
6  to  8  hours.  While  it  was  possible  to  dissect  out  the  small  pieces  of  demineral¬ 
ized  enamel  recpiired  by  this  method  of  embedding,  subsequent  electron  micro¬ 
graphs  showed  that  the  dissection  and  handling  had  produced  evident  damage. 
Furthermore,  this  procedure  made  it  difficult  during  embedding  to  control  the 
orientation  of  the  material  to  be  sectioned,  and,  as  a  consequence,  the  relation 
of  the  subsecpient  sections  to  the  morphological  outlines  of  the  original  tooth 
could  not  l)e  clearly  visualized.  These  limitations  were  avoided  by  the  use  of 
a  double  embedding  method,  diagrammatically  outlined  in  Fig.  1.  In  this  pro¬ 
cedure,  after  several  hours  of  final  infiltration,  the  Petri  dish,  containing  the 
specimen  and  methacrylate-catal>st  mixture,  is  ])laced  in  the  oven  at  45°  C. 
for  16  hours  to  cause  ])olymerizjition.  The  Petri  dish  is  broken  away  from 
the  hardened  plastic,  and  the  central  portion  of  the  plastic,  containing  the 
specimen,  is  cut  out  with  a  razor  blade.  The  embedded  specimen  is  then  placed 
under  a  dissecting  microscope,  to  which  a  camera  lucida  is  attached,  and  small 
cubes  of  embedded  enamel  of  proi)er  size  for  sectioning  are  cut  out  with  a 
razor  blade.  Before  the  specimen  is  dissected  a  camera  lucida  drawing  is 
made  of  its  outlines,  and  as  each  cube  of  enamel  is  removed  its  location  and 
outline  are  recorded,  as  well  as  the  direction  from  which  sectioning  is  to  take 
place.  This  provides  a  means  for  later  determining  the  orientation  of  the  sec¬ 
tions  in  relation  to  the  site  on  the  tooth  at  which  the  enamel  was  originally 
located.  Each  cube  is  then  i)laced  on  the  end  of  an  insect  mounting  pin  which 
has  previously  been  pushed  through  the  center  of  the  top  half  of  a  gelatin  cap¬ 
sule.  The  cubes  are  so  oriented  that  the  side  destined  to  be  sectioned  faces  the 
lx)ttom  end  of  the  capsule.  The  lower  halves  of  the  capsules  are  then  filled 
with  the  same  methacrylate-catalyst  mixture  as  previously  used,  and  the  speci¬ 
men-bearing  top  halves  set  in  place.  After  polymerization  at  45°  F.  for  about 
8  hours,  the  end  of  the  block  containing  the  specimen  is  reduced  in  the  usual 
manner  to  the  size  retiuired  for  sectioning. 

A  Spencer  rotary  microtome  e(iuipped  with  the  thermal  expansion  adapter 
described  by  Newman,  Borysko,  and  Swerdlow,'  and  glass  knives,  described  by 
Latta  and  Hartman,**  have  been  used  for  sectioning.  The  sections  were  trans¬ 
ferred,  as  cut,  by  means  of  a  camel  hair  brush  from  the  knife  to  the  surface 
of  a  50:50  dioxane-water  mixture,  and  then  to  a  water  surface.  They  were 
j)icked  u])  from  the  water  on  formvar-coated  electron  microscope  screens,  allowed 
to  dry,  and  the  plastic  was  removed  by  immersion  for  one  hour  in  amyl  alcohol, 
followed  by  a  similar  period  in  amyl  acetate.  The  mounted  sections  were  finally 
shadowed  with  j)alladium  at  a  4:1  angle  to  enhance  their  stability  under  the 
electron  beam,  and  to  improve  contrast.  Aj)i)roximately  1000  micrographs  were 
made  from  about  500  sections  cut  from  40  blocks. 

THE  STKI’CTI  RK  OF  ETCHED  ENAMEI,  AS  OBSERVED  IN  REFEICAS 

Very  few  replicas  were  observed  which  were  entirely  free  from  remnants 
of  the  organic  portion  of  the  enamel.  The  princiiial  clue  to  this  organic  material 
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on  tlie  replicas  was  the  constant  tindinjj;  that  the  orjjanic  framework  of  the 
enamel  appeared  as  a  positive  structure,  elevated  above  the  surface  of  the  rep¬ 
lica.  In  the  case  of  a  true  replica  this  would  he  taken  to  indicate  that  the 
organic  framework  had  been  etched  to  a  greater  decree  than  the  surrounding 
inorganic  matter,  and  thus  was  more  acid-sohd)le.  In  view  of  what  is  known 
about  demineralization  of  enamel  and  the  suhsecpient  presence  of  its  insoluble 
organic  components,  such  a  conclusion  is  obviously  not  warranted.  It  appeared, 
therefore,  that  the  positive  structures  were  elements  of  the  organic  tis.sue  actually 
present  on  the  replicas.  That  this  was  the  case  was  i*eadily  demonstrable,  for 
on  some  replicas  the  residue  was  so  i)lentiful  that  the  preparations  had  become 
too  thick  for  electron  microscopy.  In  such  instances  the  organic  matter  was 
visible  even  to  the  naked  eye,  as  a  grayish  white  layer  on  the  surface  of  the 
collodion.  While  the  replicas  were  floating  on  a  water  surface  this  substance 
could  be  teased  away  with  a  glass  needle.  If  the  replicas  were  picked  up  on 
glass  slides  it  could  be  stained  and  looked  at  under  the  optical  microscope. 

The  ipiantity  of  organic  material  remaining  on  the  replicas  generally  in¬ 
creased  with  the  amount  of  etching  to  which  the  enamel  had  i)reviously  been 
subjected.  A  partial  e.xplanation  for  this  is  to  be  found  in  the  physical  attach¬ 
ment  of  the  organic  material  to  the  collodion.  This  was  manifest  in  the  con¬ 
tinuity  between  the  collodion  membrane  and  the  overlying  residuum,  and  in 
the  obviously  proper  orientation  of  the  organic  framework  with  respect  to  the 
outlines  of  the  enamel  prisms,  as  observed  under  the  electron  microscope.  Evi¬ 
dently,  in  these  preiia  rat  ions,  the  superficial  organic  layer  of  the  ground  section, 
exposed  through  etching,  was  embedded  in  the  collodion  during  replication,  in 
the  same  manner  as  are  the  particles  picked  up  from  the  surfaces  of  solids 
during  the  deliberate  preparation  of  “  pseudoreplicas. 

The  typical  appearance  of  replicas  of  etched  enamel  under  the  electron 
microscope  is  illustrated  in  Figs.  2  to  7.  The  principal  structures  distinguished 
in  almost  all  preparations  were  the  enamel  prisms,  interprismatic  substance, 
prism  sheaths,  and  a  submicroscopie  fibrillar  network  both  between  and  within 
the  prisms.  The  visibility  and  clarity  of  these  structures  depended  largely  on 
the  amount  of  organic  matter  remaining  on  the  replicas.  There  has  been  no 
evidenee  that  etching  with  different  acids  brings  out  different  details.  It  was 
repeatedly  observed,  as  in  previous  studies.®  that  the  response  to  acid  varied 
considerably  in  different  areas  from  the  same  tooth,  but  not  according  to  any 
special  pattern. 

Enamel  prisms  had  much  the  same  outlines  in  the  replicas  as  when  observed 
directly  in  ground  sections  under  the  oi)tical  microscope.  In  most  replicas  the 
prisms  were  delimited  by  narrow  peripheral  structures,  which  undoubtedly 
were  the  prism  sheaths.  They  usually  were  well-defined  (Figs.  3  and  6),  though 
occasionally  indistinct  (Figs.  2  and  4),  and  even  imperceptible  (Fig.  5).  Some 
of  the  factors  responsible  for  these  variations  in  appearance  have  undoubtedly 
l)een  the  angle  at  which  the  prisms  were  sectioned,  the  degree  to  which  the 
ground  sections  were  etched,  and  the  amount  of  organic  matter  remaining  on 
the  finished  replicas. 

A  submicroscopie  fibrillar  network  was  almost  universally  present  within 
and  between  enamel  prisms.  In  some  regions  only  faint  traces  were  noted  (Figs. 
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2  and  6),  in  others  it  was  more  ]>ronouneed  (Fiji.  4),  and  in  still  others 
it  was  ver>'  prominent  (Fijrs.  and  7).  Fiji.  3  is  typieal  of  the  few  areas  in 
which  it  eould  not  he  seen.  (Conclusions  have  not  yet  been  reached  about  the 
orientation  of  the  fibrils  within  the  prisms,  but  those  in  the  interprismatic  sub- 
tanee  seemed  to  lie  more  or  less  i>arallel  and  to  run  crosswise  between  ])risms 
(Figs.  4,  5,  and  6).  Spiral  organic  configurations  within  the  prisms,  as  pre¬ 
viously  reported.'*  were  not  seen. 

Thus  far  no  details  have  been  reeogni/.ed  on  the  replicas  which  might  be 
interpreted  as  outlining  crystals  of  the  inorganic  component  of  the  enamel. 
Where  the  organic  fibrils  were  not  so  numerous  as  to  interfere  with  observation 
of  the  underlying  i-eidicas.  the  texture  of  both  the  prismatic  and  interprismatic 
substance  had  only  a  diffuse  granularity  (Fig.  3). 

THE  STRI  CTURE  OF  DEMIXER ALIZED  EXAM  EE  AS  OBSERVim  IX  THIX  SECTIONS 

Thin  sections  of  demineralized  enamel  obviously  can  show  only  its  organic 
component.  As  previously  observed  in  the  rejilieas,  this  appeared  to  have  two 
constituents — the  prism  sheaths  and  a  submieroseoiue  fibrillar  network  extend¬ 
ing  throughout  both  the  prismatic  and  interjirismatie  regions.  The  striking 
resemblance  between  i*eplicas  and  sections  of  enamel  is  brought  out  by  com¬ 
parisons  of  Figs.  6  to  9. 

Well-defined  jirism  sheaths  eould  be  distinguished  in  all  sections  (Figs.  8 
to  13).  They  usually  were  dense  and  devoid  of  fine  detail  (Figs.  8  to  12),  but 
exceptionally  thin  sections  of  oblicpiely  cut  sheaths  gave  indications  that  the 
sheaths  thenuselves  may  be  made  up  of  closely  packed  submicroscopic  fibrils 
(Fig.  13). 

The  interprismatic  material  appeared  as  an  unoriented  spongelike  network 
(Figs.  8  to  12).  Longitudinal  sections  have  brought  out  both  the  parallelism  of 
the  fibrils  in  the  interprismatic  regions,  and  their  oblicpie  or  right-angled  course 
lietween  prism  sheaths  (Figs.  10  and  11),  as  previously  observed  in  the  replicas. 
Some  sections  consisted  principally  of  interprismatic  substance,  and  the  partic¬ 
ularly  good  picture  they  afforded  of  the  arrangement  of  the  interprismatic 
fibrils  confirmed  what  was  observed  in  the  longitudinal  sections  (Fig.  12). 

DISCUSSION' 

Early  studies  by  optical  microscopy,  utilizing  ordinary  and  polarized 
light”’  **  and  by  x-ray  diffraction,'^  have  been  interpreted  to  indicate  that  no 
organic  matter  exists  between  the  cry.stallites  in  mature  enamel.  With  the 
refinement  of  methods  for  demineralization  it  has  been  shown  by  optical 
microscopy  tliat  mature  enamel  does  contain  an  organic  framework  appearing 
to  consist  mainly  of  prism  sheaths.'*  The  present  electron  micrographs  demon¬ 
strate,  further,  that  a  submicroscoi)ic  fibrillar  network  jiermeates  the  enamel 
prisms  and  the  interprismatic  subtance.  The  previous  failure  to  discern  these 
minute  organic  components  is  to  be  attributed  to  the  fact  that  the  fibrils  are 
only  a  few  hundred  A°  wide,  and  are  well  below  the  resolving  power  of  the 
optical  microscope.  It  is  thus  easy  to  understand  why  only  the  relatively  thick 
prism  sheaths  have  previously  been  seen,  and  the  prism  cores  have  usually 
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jippoarod  enij)ty.'*  It  is  harder  to  ex|>laiti  the  soli<l  prism  eores  whieh  have 
been  reported  in  studies  of  demineralize<I  fvdly  mature  enamel.'"’  Possibly, 
there  mi^ht  he  suflReieut  lifiht  seatteriupj  from  the  well-preserved  siibmieniseopie 
network  of  a  fairly  thiek  seetion  to  make  the  prism  eores  appear  partially 
o|)a<|ue,  or  the  enamel  may  not  have  been  eompletely  demineralized. 

In  the  present  repliea  studies  the  inoiyanie  crystals  in  fully  mature  enamel 
have  not  been  seen,  and  it  is  probable  that  the  so-ealled  crystal  outlines  pointed 
out  earlier  in  mierofjraphs  made  from  replicas^  were  due  to  the  fibrillar  orj^anic 
network.  It  is  conceivable  that  the  dimensions  of  the  network  may  indicate 
the  maximum  size  attaiiusl  by  elements  of  the  imu-fianie  component,  but  whether 
these  elements  are  single  crystals  or  crystalline  aggregates  is  not  determined. 
In  the  electron  micrographs  of  sectioned  demineralized  enamel  now  at  hand  the 
fibrils  whieh  make  up  the  organic  framework  have  ranged  between  20  to  100  m/i 
in  thickness,  averaging  T)!)  m^.  The  openings  in  the  meshwork,  whieh  presumably 
contained  the  inorganic  fraction  of  the  enamel,  averaged  200  nxfi  in  diameter, 
with  a  range  between  1.^)0  and  300  m/i.  The  accuracy  of  these  tentative  measure¬ 
ments  can  not  be  predicted  until  more  is  known  about  the  action  on  the  tissue 
of  the  various  chemical  agents  used,  atid  about  distortions  whieh  may  po8.sibly 
result  from  cutting  and  other  manipulations.  Notwithstanding,  even  such 
admittedly  crude  estimates  make  it  appear  doubtful  that  the  enamel  crystallites 
could  reach  a  size  of  about  one  micron,  as  estimated  by  Moller  and  Trommel.'* 
On  the  other  hand,  cry.stals  in  the  order  of  270  ni/x.,  a  mean  size  calculated 
by  Bale,  Hodge,  and  Warren''  and  corroborated  by  Thewlis,'*  could  be  ac¬ 
commodated  within  the  o])enings  in  the  meshwork  as  observed. 

Sl’MMARY 

Methods  are  de.scribed  for  making  replicas  of  the  etche<l  surfaces  of  ground 
sections  through  enamel,  and  thin  sections  of  demineralized  enamel.  The  prin¬ 
cipal  organic  structures  observed  under  the  electron  microscope  in  Iwth  types 
of  preparation  have  been  the  prism  sheaths  and  a  submicroscopic  fibrillar  net¬ 
work  within  and  between  the  prisms.  The  inorganic  portion  of  the  enamel,  as 
represented  in  replicas,  has  shown  a  uniformly  granular  texture,  and  thus  far 
it  has  not  been  possible  to  demonstrate  the  outlines  of  the  individual  crystals. 
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ELECTRON  MICROSCOPY  OF  THE  ENAMEL  OF  TEETH 
IN  VARIOUS  STAGES  OF  DEVELOPMENT 

RKIDAR  F.  SOGNNAES,*  DAVID  B.  S('OTT,**  MARIE  J.  USSING,***  AND 
RALPH  W.  G.  WYCKOFF**** 

Harvard  School  of  Dental  Medicine,  Boston,  Mass.;  and  National  Institutes 
of  Health,  Bethesda,  Md. 

IN  HISTOLOGIC  studies  on  the  development  of  enamel  a  major  distinction  is 
usually  made  between  the  younjj  matrix  stajie,  in  which  the  enamel  remains 
relatively  intact  after  demineralization,  and  the  mature  stage,  in  which  the 
enamel  has  been  characterized  as  acid-soluble,  because  it  usually  disapi)ears  com¬ 
pletely  during  demineralization.'  Technical  advances  have  made  it  increasingly 
evident  that  the  fully  mature  enamel  actually  retains  an  organic  framework, 
the  successful  recovery  of  which  rtMiuires  various  intricate  methods  of  deminer¬ 
alization.®  It  is  now  apparent  that  this  framework  cannot  be  fully  visualized 
under  the  optical  microscope,  for  through  electron  microscopy  it  has  recently 
been  demoiustrated  that,  in  addition  to  the  prism  sheaths,  there  is  a  submicro- 
scopic  fibrillar  network  permeating  the  substance  l)oth  witbin  and  between 
the  i)risms.® 

A  preceding  report  has  described  in  detail  tbe  information  gained  by  apply¬ 
ing  the  thin  sectioning  and  replica  technic|ues  to  the  electron  microscopy  of  fully 
mature  enamel.®  The  present  i)aper  is  concerned  with  the  electron  microscopic 
appearance  of  enamel  in  various  stages  of  development,  as  observed  in  thin 
sections.  Special  regard  has  been  given  to  the  changes  occurring  in  the  organic 
matrix  during  calcification. 


MATKRIAL  AND  METHODS 

Specimens  have  consisted  of  molars  and  incisors  dissected  from  the  jaws  of 
1-  to  12-day-old  mice,  and  small  pieces  of  enamel  dissected  from  developing 
teeth  in  monkeys  up  to  3  yeai^s  of  age.  They  were  embedded  in  plastic,  cut  an 
a  Spen.ser  rotary  microtome  with  a  thermal  expansion  adapter*  with  a  glass 
knife.®  Details  of  the  procedures  for  embedding  and  sectioning  dental  tissues 
have  been  described  in  a  previous  paper.®  The  finished  sections  were  shadowed 
lightly  with  palladium  to  enhance  their  stability  under  the  electron  beam. 

Mouse  teeth,  because  of  their  small  size,  are  especially  well  suited  to  the 
recpiirements  of  the  thin  sectioning  methods.  Whole  teeth  can  be  eml)edded, 
and  the  areas  of  the  resultant  sections  are  small  enough  so  that  each  one  can 
be  placed  on  a  single  specimen  screen  and  examined  in  its  entirety  under  the 
electron  microscope.  The  intactness  of  these  sections  is  demonstrated  in  Fig.  1, 
Larger  teeth,  such  as  those  from  monkeys  and  man,  cannot  be  sectioned  in  this 
fashion,  but  must  first  be  cut  into  small  ineces  of  the  proper  size  for  subse<iuent 
embedding  and  microtomy. 
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In  the  present  study  cross  and  longitudinal  sections  were  cut  through  molar 
crowns,  and  cross-sections  through  incisors,  from  1,  4,  7,  and  12-day  mice. 
Each  embedding  was  cut  at  several  different  levels,  thereby  providing  sections 
from  different  regions  of  the  developing  teeth.  This  was  of  special  value  in  the 
case  of  the  incisors,  as  quasi-serial  cross-sections  could  be  made  along  a  tooth, 
from  the  developing  zone  to  the  incisal  region. 

The  pieces  of  monkey  enamel  were  dissected  from  various  regions  of  develop¬ 
ing  permanent  and  deciduous  tooth  crowns,  which  had  previously  been  removed 
from  unborn,  and  1  and  3-year-old  animals.  ^lost  of  the  pieces  were  taken 
from  incisal  or  occlusal,  and  cervical  portions  of  canines  and  molars.  Calcifica¬ 
tion  was  incomplete  enough  so  that  the  enamel  could  be  cut  or  shaved  off  with 
a  sharp  knife. 

It  was  found  that  most  molar  crowns  from  1  to  7-day-old  mice,  and  the 
growing  zone  of  incisor's  from  mice  of  any  age,  could  be  sectioned  without  pre¬ 
liminary  demineralization.  The  more  fully  calcified  molar’s  from  older  mice, 
and  the  portions  of  incisors  external  to  the  growing  zone,  had  to  be  demineral¬ 
ized  before  they  could  be  sectioned.  Certain  of  the  samples  of  monkey  enamel 
could  also  be  cut  without  demineralization;  but,  because  the  degree  of  calcifica¬ 
tion  could  not  be  estimated  within  as  close  limits  as  in  the  case  of  the  mouse 
teeth,  it  was  difficult  to  predict  in  advance  whether  or  not  sectioning  would 
be  successful.  For  purposes  of  comparison,  specimens  identical  to  those  cut  in 
undemineralized  fonn  were  also  demineralized  prior  to  sectioning. 

Mouse  teeth  were  demineralized  by  two  methods.  ISIost  of  them  were  im¬ 
mersed  for  12  to  72  hours  in  Zenker’s  acetic  acid  fiuid,  which  was  useful  be¬ 
cause  fixation  and  demineralization  were  accomplished  simultaneously.  A  few 
were  fii’st  fixed  for  at  least  24  hours  in  4  i)er  cent  neutral  formalin,  and  then 
demineralized  by  immersion  for  8  to  24  hours  in  5  per  cent  trichloracetic  acid 
at  low  temperature,  with  and  without  elevated  pressure.^  The  isolated  monkey 
enamel  was  fixed  and  demineralized  by  the  second  method. 

As  a  preliminary  to  electron  microscopy  sample  sections  were  always  first 
observed  under  the  optical  microscope.  These  sections  were  mounted  on  glass 
microscope  slides,  and  were  either  left  unstained,  or  were  stained  with  hematoxy¬ 
lin  and  eosin,  methylene  blue,  or  Shorr’s  modified  ISlasson  trichrome  stain.® 
The  orientation  of  the  sections  in  respect  to  the  tooth  from  which  they  had 
been  cut  was  thus  made  clear,  and  an  impression  was  gained  of  the  state  of 
maturation  of  the  enamel.  A  rough  check  on  the  presence  or  abf^nce  of  crystal¬ 
line  material,  and  the  degree  of  calcification,  was  made  through  use  of  polarized 
light  and  by  electron  diffraction.  Diffraction  was  performed  in  an  RCA  type 
EMI)  apparatus.  With  the  lenses  of  the  instrument  arranged  so  as  to  provide 
a  shadow  image  of  the  specimen,  it  was  possible  to  scan  the  section  and  select 
recognizable  fields  for  diffraction. 

Examinations  under  the  electron  microscope  (RCA  type  EMU)  were  first 
made  at  low  magnification  (800x),  which  was  obtained  by  removing  the  projec¬ 
tor  pole  piece  and  insert  and  operating  this  lens  at  maximum  current.  Sub¬ 
sequent  microscopy  at  higher  magnification  (3000-10,000x)  was  carried  on  with 
the  lenses  in  standard  operating  arrangement.  About  700  sections,  made  from 
50  blocks,  were  examined,  and  more  than  2000  micrographs  taken. 
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For  general  orientation,  P’ig.  1  shows  an  unstained  longitudinal  section 
of  a  developing  mouse  molar  crown,  photographed  at  low  magnification  by 
transmitted  light.  The  enlarged  view  of  the  lingual  half  of  this  molar  illustrates 
the  transitional  stages  in  enamel  maturation  which  can  lie  studied  in  such  prep¬ 
arations.  The  darker,  less  transparent,  portions  represent  the  youngest  enamel. 
The  increasing  transparency  toward  the  dentin  surface,  and  toward  the  occlusal 
level,  indicates  progressively  more  advanced  maturation  in  both  directions. 

Fig.  2  is  an  electron  micrograph  of  the  cervical  portion  of  the  enamel  shown 
in  Fig.  1,  taken  at  low  magnification.  In  the  lower  left  corner  a  small  triangle 
of  dentin  and  well-defined  dentino-enamel  junction  can  be  seen.  The  internal, 
older  portion  of  the  enamel,  which  approximates  the  dentin,  is  somewhat 
fibrillar,  and  it  is  structurally  (luite  different  from  the  relatively  homogeneous, 
more  recently  formed,  enamel  shown  to  the  right  in  the  same  illustration. 


Pig.  1. — Unstained  longitu<linaI  section  of  Zenker-flxed,  demineralized,  developing  molar 
from  a  12-day-old  mouse,  photographed  under  the  optical  microscope.  Insert — X50;  enlarged 
lingual  aspect — XI 75.  (All  other  illustrations  are  electron  micrographs.) 


A  homogeneous  appearance  of  newly  formed  enamel,  similar  to  that  ob¬ 
served  in  the  molar  sections,  can  be  seen  in  the  left  half  of  Fig.  3,  which  shows  the 
outermost  edge  of  a  cross-section  through  the  growing  end  of  a  mouse  incisor. 
Where  the  matrix  is  in  direct  proximity  to  the  enamel-forming  ameloblasts,  as 
shown  in  the  right  half  of  the  picture,  the  distal  ends  of  the  cells  contain  large 
globules  of  amorphous  material  w’ithin  their  cytoplasm.  Structurally  these 
globules  appear  similar  to  the  substance  within  the  adjoining  part  of  the  enamel. 
Their  significance  is  not  yet  known,  but  they  may  possibly  represent  the  first 
step  in  matrix  formation. 
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Fig.  2. — Cervical  area  of  section  seen  in  Fig.  1,  showing,  from  right  to  left:  young,  homo¬ 
geneous,  and  more  mature,  fibrillar  enamel  matrix.  X  1.700, 

Fig.  3. — Homogenous  newly  formed  enamel  matrix  (left)  and  amorphous  globules  in 
cytoplasm  of  ameloblasts  (right).  X7,200.  This  figure  and  Figs.  4,  6,  7,  and  9  are  all 
micrographs  from  cross-sections  cut  at  different  levels,  from  the  apical  growing  zone  to  the 
fully  mature  incisal  region,  in  the  same  tooth,  a  Zenker-fixed,  demineralized  incisor  from  a 
12-day-old  mouse. 

Fig.  4. — Transitional  zone  between  homogeneous  and  fibrillar  matrix.  X  7,200. 

Fig.  5. — Similar  developmental  stage  to  that  shown  in  Fig.  4,  in  formalin-fixed,  un- 
decalclfled  mouse  enamel.  X  5,800. 
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Kiff.  6. — Closely  packed  fibrils  in  matrix  of  nearly  mature  enamel.  X  7,200. 

Kisr.  7. — More  widely  spaced  fibrils  in  mature  enamel.  X7,200. 

Fig.  8. — Fibrillar  netwoi'k  in  a  longitudinal  section  of  the  mature  enamel  of  a  Zenker- 
fixed,  demineralized  molar,  from  a  12-day-old  mouse.  X 5,800. 

Fig.  9. — larger  area  of  section  seen  in  Fig.  7,  photographed  at,  low  magnification,  to  show 
over-all  fibrillar  character  of  mature  enamel  matrix.  Xl,700.  » 


«)0  SOGNNAEN,  SCOTT,  UHiSING,  AND  WYCKOFF  ^  J.  D-Re*. 

•  ^  '  February,  1952 

Between  the  homofjeneous  youii"  enamel  matrix  and  the  fibrillar  older 
matrix  just  mentioned  is  a  transitional  zone,  in  which  the  he^inninjis  of  fibril 
formation  are  evident.  The  api)earanee  of  this  zone  in  sections  of  enamel  fixed, 
and  thereby  demineralized,  in  Zenker’s  fluid  is  shown  in  Figs.  2  and  4.  In 
sections  of  undemineralized  enamel,  fixed  in  neutral  formalin,  the  region  showed 
similar  suggestions  of  heginnig  fibril  formation,  as  can  be  seen  in  Fig.  5.  How¬ 
ever,  it  was  noted  in  these  i)rei)arations  that  empty  spaces,  comparable  to  those 
in  the  Zenker-fixed  enamel,  were  not  evident.  Whether  or  not  these  voids  are 
due  to  a  deleterious  effect  of  acid  fixation  on  the  tis.sue  is  not  defininitely  known, 
but  it  is  unlikely  that  at  this  stage  in  development  of  the  enamel  they  are 
regions  from  which  inorganic  material  has  been  dissolved  away.  It  should  be 
mentioned  that  such  differences  between  Zenker-fixed  and  undemineralized 
enamel  were  observed  only  in  the  homogeneous  and  transitional  regions. 

In  regions  where  the  transition  from  homogeneous  to  fibrillar  matrix  has 
recently  been  completed,  and  traces  of  homogeneous  substance  are  no  longer 
visible,  the  fibrils  are  very  closely  packed  together,  as  .shown  in  Fig.  6.  This 
fibril  pattern  .seems  to  correspond  roughly  to  the  midpoint  in  enamel  develop¬ 
ment.  Its  position,  especially  within  molar  enamel,  depends  upon  the  age  of 
the  specimen  being  examined.  That  it  is  in  a  region  where  appreciable  cal¬ 
cification  has  occurred  is  clear  from  the  fact  that  enamel  had  to  be  demineral¬ 
ized  in  order  for  it  to  be  revealed  satisfactorily. 

The  fibrils  in  fully-developed,  completely  calcified,  enamel  are  no  longer 
closely  packed,  but  instead  are  widely  spaced  and  apparently  thinner.  This  is 
illustrated  in  Figs.  7  to  9.  The  resemblance  of  the  fibrillar  network  permeating 
the  entire  substance  of  the  enamel  to  that  previously  observed^  in  demineralized 
fully  mature  human  enamel  is  particularly  striking  in  Figs.  8  and  9. 

While  considerable  basic  information  on  the  progressive  changes  which 
occur  in  the  organic  matrix  of  developing  enamel  has  been  obtained  from  exami¬ 
nation  of  sections  of  mouse  teeth,  the  dissimilarity  between  the  prism  configura¬ 
tions  of  rodent  and  human  enamel  in  this  type  of  preparation  has  precluded 
complete  comparisons.  In  fact,  differentiation  between  prismatic  and  inter- 
l)rismatic  substance  in  mouse  enamel  was  quite  difficult,  especially  in  younger 
specimens.  The  “herring-lwne”  appearance  so  characteristic  of  young  rodent 
enamel,  and  the  odd  prism  distribution  noted  in  more  mature  enamel  generally 
have  been  attributed  to  irregular  arrangement  of  the  prisms  with  respect  to 
each  other,  in  a  fashion  quite  different  from  the  parallel  arrangement  tj’pical 
of  human  enamel.*  It  therefore  seemed  important,  as  a  next  step,  to  extend  the 
•stmlies  to  include  developing  monkey  enamel,  in  which  the  prism  relationships 
are  similar  to  those  in  human  enamel. 

Ob.servation  of  monkey  enamel  in  various  stages  of  development  has  in-( 
dicated  that  the  same  progression  of  changes  from  homogeneous  to  fibrillar 
structure  occui's  as  in  the  mou.se  enamel.  The  most  interesting  sections  were 
obtained  from  enamel  in  which  calcification  had  progres.sed  to  a  point  where 
sectioning  in  the  undemineralized  state  was  just  barely  possible.  Figs.  10  to  13 
provide  a  comparison  of  undemineralized  and  demineralized  enamel  of  this 
type.  Considerable  damage  is  apparent  in  sections  of  the  undemineralized 
enamel,  as  indicate<l  by  the  discontinuity  of  structures  in  Figs.  10  and  11,  Never- 
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Fig.  10. — Crystal-like  particles  in  a  cross-section  of  undemineralized  enamel  from  the 
cervical  region  of  a  developing  third  molar  from  a  3-year-old  Rhesus  monkey.  X  1.700. 

Fig.  11. — Crystal-like  particles  in  an  area  at  the  periphery  of  the  section  shown  in  Fig. 
10.  xl4,800. 

Fig.  12. — Cross-section  of  demineralized  enamel  from  another  third  molar  from  the 
same  monkey  as  above,  showing  prism  sheaths  anti  a  submicroscopic  fibrillar  network  between 
and  within  the  prisms.  X  1.700. 

Fig.  13. — Apparently  more  advancetl  maturation  in  the  prism  cores  than  in  the  inter- 
prismatic  substance,  shown  in  a  cross-section  of  demineralized  incisal  enamel  of  a  developing 
canine  from  a  monkey  fetus.  X7,200. 
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theless,  the  fjeneral  contours  of  the  prisms  could  l)e  distiufjuished,  and  minute 
crystal-like  objects  were  noted  both  within  and  between  the  prisms.  The  ap- 
]>earanee  of  such  enamel  at  low  mafjnitication  is  shown  in  Fig.  10.  It  can  be 
seen  that  there  is  considerable  variation  in  the  sixes  and  shapes  of  the  crystal¬ 
like  objects.  In  some  rcfiions,  usually  around  the  periphery,  the  particles  were 
widely  separated,  obviously  as  a  result  of  dispersion  durinjr  preparation  of  the 
sections.  Here  they  could  be  studied  at  hi«rher  majrnification  (Fijr.  11),  and 
had  the  external  apjtearance  of  single  crystals,  parallel  a^grresfates,  and  pos.sibly 
cleavagre  fragments.  More  work  is  needed  for  their  positive  identification,  but 
it  was  established  that  the  enamel  from  which  the  preparations  were  made  con¬ 
tained  crystalline,  acid-soluble  material.  When  examined  under  jwlarized  light 
it  was  strongly  birefringent,  whereas  the  same  enamel  when  demineralized  did 
not  show  this  property.  The  ])resence  of  crystalline  material  was  further  dem¬ 
onstrated  by  electron  diffraction.  The  exceptionally  well-defined  apatite  pat¬ 
terns  from  sections  of  the  undemineralized  enamel  were  similar  to  those  ordinarily 
given  by  fully  mature  human  enamel.  No  evidence  of  crystallinity  was  forth¬ 
coming  when  sections  of  demineralized  enamel  were  subjected  to  electron 
diffraction. 

The  appearance  of  demineralizetl  monkey  enamel  in  the  same  stage  of  develop¬ 
ment  as  above  is  shown  in  Figs.  12  and  13.  At  a  relatively  low  magnification, 
in  Fig.  12,  a  very  delicate  fibrillar  network  can  be  noted  between  and  within 
the  prisms,  which  are  outlined  by  dense  bands  that  undoubtedly  are  the  prism 
sheaths.  At  higher  magnification,  in  Fig.  13.  a  better  di.stinction  can  be  made 
between  the  prism  eore  and  the  interprismatic  substance.  The  organie  matter 
within  the  core  of  the  prisms  is  organized  in  a  spongelike  network  resembling 
that  found  in  fully  mature  enamel,  while  the  interprismatic  substance  has  an 
a])pearance  nearer  that  of  the  matrix  at  an  early  stage  in  development.  This 
could  be  taken  to  indicate  that  calcification  within  the  prisms  may  have  been 
slightly  more  advanced  than  between  them.  Such  differences  between  the  intra- 
])rismatic  and  interprismatic  substance  are  not  evident  in  the  organic  frame¬ 
work  of  demineralized  fully  mature  human  enamel.^  Instead,  a  uniformly 
fibrillar  network  is  j)resent  both  between  and  within  the  prisms. 

DISCUSSION 

It  is  reasonable  to  conclude  from  the  present  evidence  that  the  submicro- 
scoj)ic  network  which  underlies  mature  enamel  is  not  fully  developed  as  such 
when  the  matrix  is  first  laid  down,  but  forms  as  the  inorganic  crystals  are 
deposited.  It  is  not  known  if  the  alterations  in  the  organic  matrix  are  directly 
caused  by  the  ingress  and  exjuinding  growth  of  the  crystalline  material,  or  are 
expressions  of  chemical  changes  that  provitle  spaces  for  the  forming  crystals. 
Several  chemical  studies,  however,  have  shown  that  the  volume  of  the  organic 
matter  is  gradually  reduced  as  calcification  progres.ses.  By  determining  the 
content  of  water,  inorganic  and  organic  matter  in  enamel  on  a  volumetric  basis, 
I  ti'akins”’ ”  was  able  to  demonstrate  that  the  influx  of  ash  during  calcification  is 
compensated  for  chiefly  by  loss  ()f  water.  A  loss  of  organic  matter  itself  was 
evident  only  during  the  earliest  phase  of  calcification.  It  was  further  shown'-* 
that  the  ('a,  I*,  and  CO-.,  contents  increase  linearly  and  in  con.stant  ratios  to 
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(‘iich  oilier  Jis  ealiMtiejition  pro^fi’esses.  liuek"’  lias  reisoilly  ol»s<o‘ved  that  similar 
elieniii'al  eliansres  oisMir  in  |»a1liolos;i<*  ealeifieation  (allieroselerotie  aortas).  In 
speeiniens  ranfiinjf  from  normal  to  a  liijfli  decree  of  ealeifieation  he  found  that 
there  was  a  lojiarithniie  rate  of  iiu*rease  in  mineral  eoneentration,  a  eonstant 
ratio  of  ealeium  to  phosphorus,  and,  finally,  that  the  influx  of  minerals  was 
ai'eomjianied  by  loss  of  water.  The  proportion  of  fat-free  or«?anie  residue  re¬ 
mained  unehanjced.  Applied  to  the  findings  in  the  present  study,  the  aimve 
ehemieal  data  suifKest  that  the  homojreneous  enamel  matrix  ehanues  to  its  final 
fibrillar  form  throujjh  a  process  of  dehydration  and  eondensiition,  rather  than 
through  loss  of  the  organic  substance. 

To  <late  it  has  not  been  jiossible,  even  through  replica  studies,  to  observe 
the  inorganic  crystals  in  fully  mature  enamel,  and  therefore,  measurements  of 
crystal  size  still  cannot  be  iinnh*  in  direct  fashion.  .Many  of  the  particles,  like 
those  of  Fig,  11,  observed  in  the  sections  of  undemineralized  developing  monkey 
enamel,  however,  have  had  dimensions  much  smaller  than  those  calculated  from 
x-ray  diffraction  patterns  for  the  individual  crystals  in  mature  enamel.  l*nless 
it  can  be  shown  that  they  are  not  bits  of  larger  crystals  fragmented  during 
specimen  i>reparation,  their  significance  is  not  clear.  Similarly  minute  crystal- 
like  particles  have  also  been  »>bserved  under  the  electron  microscope  by  Boyle, 
llillier,  and  Davidson,''  in  suspensions  of  developing  enamel  which  had  l)een 
dispersed  in  collodion  by  digital  i>ressure.  They  thought  that  some  of  their 
particles  were  fragments  of  comminuted  larger  crystals. 


SrMMARY 

Thin  sections  for  electron  microscopy  have  been  made  from  demineralized 
and  undemineralized  mouse  and  monkey  enamel  in  various  stages  of  development. 
Klectron  micrographs  are  jiresented  which  demonstrate  a  change  from  homo¬ 
geneous  to  fibrillar  structure  which  takes  jilace  in  the  organic  matrix  during 
maturation.  Minute  crystal-like  particles  have  been  noted  in  sections  of  un¬ 
demineralized.  partly  calcified,  monkey  enamel. 
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THK  EPFKOT  OF  TOI^IOAL  APPLirATrONS  OF  SODIUM  FU'ORTDF 
ON  TIIK  ORAL  FI.ORA  OF  YOUNO  ADULTS 
NORMAN  H.  RICKLES,  O.D.R..  M.S.,  AND  HERMANN  BECKS,  M.D.,  D.D.S. 

From  the  Dirmov  of  Dental  Medicine,  Collepe  of  Dentistrif  and  the  Georqe  Williams  Hooper 
Foundation  for  Medical  Research,  Fnirersity  of  California,  San  Francisco,  Calif. 

The  reduetion  of  dental  caries  incidence  hy  the  topical  application  of  sodium 
fluoride  to  the  teeth  of  children  has  been  demonstrated  by  several  investi- 
prators.®'  ®’  This  effect  on  dental  caries  may  also  be  true  for  young  adults 

as  reported  by  Klinkenberg  and  Bibby,’"  and  Rickies  and  Becks.’”  It  would  lie 
of  more  than  academic  interest  if  the  mechanism  of  this  action  could  be  clarified. 

Several  investigators  have  shown  that  enamel  is  less  soluble  in  acid  after  the 
application  of  fluorides.”’  However,  this  decreased  solubility  may  only 

partly  explain  the  caries-reducing  effect  of  sodium  fluoride.  There  is  some  evi¬ 
dence  to  indicate  that  the  fluoride  ion  is  an  effective  enzyme  inhibitor.  Un¬ 
fortunately,  the  mechanism  of  its  release  from  the  bound  molecular  or  ciystalline 
structure  in  the  enamel  is  at  present  not  clear.  Assuming  that  bacterial  acid 
production  is  essential  in  the  j)athogenesis  of  dental  caries,  it  is  possible  that 
the  fluoride  ion’s  constant  activity  could  interfere  with  the  phosphatases  of  the 
bacterial  enzyme  system,  thus  preventing  the  breakdown  of  refined  carbohy<lrates 
to  various  acid^.  hTirthermore,  it  is  also  conceivable  that  the  fluoride  ion  could 
prevent  the  denaturation  of  the  lamellar  proteins  by  paralyzing  the  bacterial 
enzyme  systems  necessary  for  this  process. 

Bibby’  has  shown  that  fluoride  ions  in  sufficient  strength  in  culture  media 
inhibit  the  growth  of  lactobacilli,  and  in  much  weaker  concentration  greatly 
le.ssen  their  aeidogenic  properties.  Clapper^  found  that  lactobacjilli  maintained 
in  a  medium  containing  100  p.  p.  m.  of  NaF  develope<I  reduced  ability  to  pro¬ 
duce  acid  from  glucose  even  when  returned  to  a  fluoride-free  medium.  Kitehin, 
Robinson,  Permar  and  Indioff”  demonstrated  no  significant  decrease  in  lacto- 
bacillus  colony  counts  after  topical  applications  of  a  2  per  cent  solution  of  NaF. 

The  i)urpose  of  this  study  is  to  determine  the  effect  of  topically  applied 
sodium  fluoride  on  the  aeidogenic  i)roperties  of  the  total  oral  flora  of  young 
adults  and  on  the  Lactobacillus  acidophilus  index. 

MATERIAL 

A  total  of  14,3  subjects  were  chosen  at  random  from  the  student  body  of 
the  Univei*sity  of  California.  They  ranged  in  age  from  18  to  34  years,  with  an 
average  age  of  22  years.  A  2  per  cent  solution  of  sodium  fluoride  C.P.  in  dis¬ 
tilled  water  was  applied  to  the  teeth  of  97  subjects  once  a  week  for  four  weeks,* 
while  4G  control  individuals  were  treated  with  distilled  water  in  the  same 
manner. 

Allied  by  grantb  from  the  Kegent.s  of  the  I'niversity  of  California,  the  California  State 
Dental  Association,  the  American  Foundation  for  Dental  Science  and  the  Grant  from  the  office 
of  the  Burgeon  General,  War  Department  (#W’-49-007-MD-470). 

Keceived  for  publication,  Aug.  25,  1951. 

•Accoriling  to  tlie  teclmi'tue  recommende,!  by  the  United  States  Public  Health  Service  (15). 
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Two  «lays  hofon*  hoFfimiiiijf  tlir  }i|)plirations  aiul  a^nin  ono  week  aftor  their 
<*oin|)letion,  the  followinjr  i)i’oee<lures  were  j)erforine<l  for  all  14:1  suhjeets:  1.  An 
early  niorninjj  paraffin-stiniulat«‘d  sijliva  sjjinple  was  eolleeted.  2.  The  pH  of 
the  individual  saliva  sample  when  mixed  with  a  suerose-indieator  solution*  was 
determined  hourly  hy  eom|)arisou  with  standanl  eolor  tubes.t 

PROF^KUrRK 

The  saliva  (0.5  e.e.)  to  he  tested  was  a<lded  to  0.5  e.e.  of  the  alsjve  solution 
in  a  ])reeii)itation  tube,  britiF^int;  the  eoneentration  of  sueros<*  to  approximately 
d.O  per  eent.  This  made  suffieient  suerose  available  for  de>;ra<lation  to  aeid  by 
oral  baeterial  enzyme  systems,  yet  did  not  pnxluee  a  jjreat  enough  osmotic 
pressure  to  inhibit  the  metabolism  of  these  mier<M)rF;anisms.  This  saliva-suerose 
indieator  mixture  (hereafter  referred  to  as  the  saliva-suerose  mixture)  was  then 
incubated  at  37°  (\  The  change  in  i)H  was  determined  by  comparison  with  the 
standard  buffer-indicator  solutions  and  recorded  each  hour  for  seven  hours.  The 
total  amount  of  acid  produced  at  the  end  of  7  hours  was  found  by  titrating  the 
washed  contents  of  the  sami)le  tube  with  0.02  N'  sodium  hydroxide  using  a  Beck¬ 
man  pH  meter  set  at  i>H  (i.O  (The  original  pH  of  each  test  sjimjde).  The  L.a. 
index  was  determined  from  the  same  saliva  sample.'* 


RESULTS 

1.  pH  ('hanpes  in  Saliva-Sucrose  Mixture. — 

Experimental  group. — Individual  pH  changes  after  NaP  applications  were 
recorded  at  0.2  ])H  intervals.!  A  frequency  distribution  is  seen  in  Table  I. 

At  the  end  of  a  one  hour  incubation  i)eriod,  39  of  the  97  samples  showed  no 
change  whatsoever  in  i)H  (Xe  =  0).  A  i)H  higher  by  0.2  interval  occurred  in 
8  cases,  while  6  demonstrated  an  ecpiivalent  drop.  Five  samples  disclosed  an 
increase  in  pH  of  0.8  and  three  a  corresponding  decrease  (Xe  =  -t-8  and  -8, 
respectively).  After  5  hours  incubation,  30  sami)les  still  did  not  show  any 
change;  however,  the  extremes  after  this  time  were  much  greater  than  at  1  hour, 
with  2  samples  demonstrating  an  increase  of  1.6  pH  units  and  1  showing  a  de¬ 
crease  of  2.0  units.  Generally,  it  was  noticed  that  an  increast'  in  the  extremes 
of  pH  differences  occurred  with  increasing  time  of  incubation.  The  values  for 
-Te,  —  TpXe,  2'TeXe^,  — X^,  Me,  —  Xte,  aiid  Mte  (Table  I)  were  computed  from 
the  foregoing  data  and  u.sed  for  statistical  evaluation. 

Control  group: 

The  frequency  distribution  of  pH  changes  is  shown  in  Table  II. 

•The  sucrose-indicator  solution  was  made  up  by  ailding  to  1000  c.c.  of  distilled  water 
80  Gm.  of  sucrose,  10  c.c.  Broni-cresol-purple  (0.4%)  and  10  c.c.  Hroni-cresol-Kreen  (0.4%). 
The  pH  was  adjusted  to  6.6  with  4  cc.  of  N  NaOH. 

20 

tStandard  phosphate  and  phthalate-HCl  buffer  solutions  were  made  up  at  0.4  pH  in¬ 
tervals,  ranging  from  pH  6.6  to  pH  3.3  One  c.c.  of  these  buffers  was  placed  into  small  pre¬ 
cipitation  tubes  to  which  0.1  c.c.  of  a  0.04%'  solution  of  Hrom-cresol-purple  and  0.1  c.c.  of  a 
0.04%  solution  of  Krom-cresol-Kreen  were  added.  Sharp  color  changes  in  the  standard  solutions 
at  0.4  pH  intervals  reaulte<l 

JThe  pH's  of  the  saliva-sucrose  samples  after  the  applications  were  subtracted  from  the 
values  before  treatment  to  obtain  the  difference  or  chanKe  in  pH. 
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Tabi,k  I.  Kxi’KKimkxtal  Gkoit:  Fkkqi  kncy  Distkibi  tiox  <»k  (’iiAxciKs  IX  rlf  Foi.ixiwixt: 
OXE  T«»  HEVEX  Iltll  KS  Of  IxrrBATKIX 


UIIAXCES  1 
IN  pll 

(x%)  j 

HOURS 

2t,  1 

j 

STeX.Z 

1 

L_JL. 

1  •'’» 

_L.  1 

._1\  1 

<!  1 

7  1 

2.0  i 

j 

l.S  1 

l.fi  i 

o 

1 

1 

2 

8.0 

12.8 

1.4  ! 

1 

1 

1.4 

1.96 

1.2 

1 

o 

.5 

5 

o 

16 

19.2 

23.04 

1.0 

1 

1 

1.0 

1.0 

0.8 

5 

5 

8 

11 

0 

7 

6 

51 

40.8 

32.64 

O.f) 

.1 

1 

;• 

.> 

o 

11 

6.6 

3.96 

0.4 

21 

26 

27 

IS 

9 

17 

18 

1.36 

.54.4 

21.76 

0.2 

8 

4 

5 

20 

4.0 

0.8 

0.0 

.lO 

27 

20 

25 

30 

20 

23 

184 

0 

0 

-0.2 

6 

5 

4 

1 

16 

—.3 

0.64 

-0.4 

11 

11 

9 

10 

16 

28 

25 

no 

-44.0 

17.6 

-0.6 

1 

3 

;; 

•> 

1 

10 

-6.0 

.3.6 

-0.8 

i 

9 

10 

14 

11 

12 

12 

71 

-56.8 

45.44 

-1.0 

1 

1 

1 

3 

-.3.0 

.3.0 

-1.2 

5 

;5 

10 

3 

4 

i  28 

-.33.6 

40..32 

-1.4 

1 

1 

-1.6 

4 

4 

1 

•> 

4 

!  15 

-24.0 

.38.4 

-1.8 

-2.0 

1 

1  1 

-2.0 

4.0 

2X, 

i  7.2 

-3.4 

-5.2 

-6.2 

-8.6 

—7.2 

1  -37.2* 

2.50.96 

M. 

1  0.0742  -0.035  -0.0536  -0.0639 

-0.0887 

-0.0742 

-0.142 

1  -0.0548 1 

iT, 

=  The 

sum 

of  the 

fiefiuencie.s 

of  the 

Xe'.s  at 

the  different  hours 

STeXe  =  (ITe)  (Xe» 

ITeX..^  =  (ITpX,)  <X,) 

*1  Xtf.  tMtf,  Me  IXe,  ( Identifleil  in  Table  III) 


Table  II.  Control  Groi'p:  FREQrEXCY  Distribution  of  Chances  in  pH  Following 
One  to  Seven  Hours  ok  1xuub.\tiox 


CHANGES 
IN  pH 

(Xe) 

HOURS 

-T, 

-T,.Xo 

ST,X,.2 

1 

1  2 

1  •-> 

1  ■* 

1  5 

1  « 

i  7 

2.0 

1.8 

1.6 

! 

1.4 

j 

1.2 

1 

1 

o 

2.4 

2.80 

1.0 

1 

1 

I 

1.0 

1.00 

0.8 

.3 

1 

(i 

o 

•  > 

3 

*  2.3 

18.4 

14.70 

0.6 

4 

1 

1 

1 

1 

9 

5.4^ 

3.24 

0.4 

8 

6 

10 

t> 

10 

12 

10  ! 

62 

24.8 

9.91 

0.2 

1 

2 

*> 

•) 

7 

1.4 

0.28 

0.0 

14 

iT 

7 

10 

7 

14 

85 

0.0 

0.00 

-0.2 

•  > 

:t 

1 

•> 

8 

-1.6 

0.32 

-(t.4 

9 

12 

6 

10 

8 

13 

11  ! 

69 

-27.6 

11.10 

-0.6 

1 

1 

1 

;; 

-1.8 

1.08 

-0.8 

•> 

X 

6 

3 

1 

3  1 

2.3 

-18.4 

14.7i) 

-1.0 

%> 

-2.0 

2.00 

-1.2 

1 

1 

1 

;j 

6 

18 

-21.6 

26.00 

-1.4 

1 

1 

-1.4 

1.96 

-1.6 

1 

*2 

1 

1 

•> 

•> 

9 

-14.4 

23.00 

-1.8 

' 

-2.0 

! 

^  X, 

0.6 

-3.8 

-6.6 

-6.2 

-y5.0 

-7.2 

— 7.lJ  j 

-35.4* 

112.09 

0.013 

-0.0826 

-0.143 

-0.1347 

-t).1086  -0.1565 

-0.1565  1 

-0.1098t 

ITc 

=  The 

sum  of 

the  freciueneiea 

of  the 

Xc’.H  at 

the  different  hours 

ITcXc  =  (ITe)  (Xc) 

ITrXc*  =  (ITcXc)  (Xe) 

•IXie,  tMic.  IXt.  Mv,  -Mentitted  in  Table  III. 
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Those  «lata  are  similar  to  those  of  the  former  jjroup.  Here  the  extremes 
oeeurred  at  the  eompletioii  of  the  (>  hour  inenhatioii  period  when  1  mixture 
demonstrate*!  an  inerease  of  1.2  j)!!  units  and  2  .sam|)les  showed  a  deerease  of 
l.h  units.  The  results  obtained  for  2'Tp,  2'TrXr,  —T^Xo*,  2'Xp,  M^,  -lX,c,  and 
MtP  were  a^ain  eomputed  for  statistieal  evaluation. 

The  sum  of  all  the  individual  ehaiiKcs  in  pH,  mean  pH  ehanjics  for  eaeh 
hour,  ami  the  total  means  for  the  7  hours  are  summarized  in  Table  III  for  iMJth 
}rrou|)s. 


Tabi.k  III.  ll»M’Ki,Y  CiiANOES  IN  i*H  fHrMS&  Means)  Aeter  Treat.me.\t 


iiorR.s  1 

ix,  --y- 

ix. 

1  M,  j 

M, 

1 

7.2 

O.fi 

0.0742 

0.013 

O 

-.1.4 

-.1.8 

-0.0.15 

-0.0826 

-5,2 

-(■».(> 

-0.053(; 

-0.14.1 

4 

-(>.2 

-(».2 

-0.06.19 

-0.1347 

5 

-8.(5 

-.'5.0 

-0.0887 

-0.1086 

r> 

-7.2 

-7.2 

-0.0742 

-0.1565 

7 

-1.1.8 

-7.2 

-0.142 

-0.1565 

Totals 

i:x„ 

M.p 

M.e 

-.17.2 

-35.4 

-0.0548 

-0.1098 

=  The  sum  of  tho  rhanRos  In  pH  of  the  saliva-sucrose  mixture  of  the  experimental 
Rroup  after  the  application  of  the  2  per  cent  NaF  solution. 

-Xc  =  The  sum  of  the  chanR<'s  in  pH  of  the  saliva-sucro.se  mixture  of  the  control  Rroup 
after  the  application  of  water. 

M«  =  SX>  =  The  mean  chanRCs  in  pH  of  the  saliva-sucrose  mixture  of  the  experimental 
N»  Rroup  after  the  application  of  the  2%  XaF  solution. 

Me  =  SXe  =  The  mean  chanRe  in  pH  of  the  saliva-sucrose  mixture  of  the  control  Rroup 
Ne  after  the  application  of  the  water. 

-Xte  =  KlXr’ii)  =  The  sum  of  all  the  lXe’»  for  the  7  hours. 

SXtc  =  KlXe’n)  =  The  sum  of  all  the  IXc’«  for  the  7  hours. 

Mte  =  Total  mean  of  the  experimental  Rroup  for  the  7  hours  =  SXte 

Xte 

Mtc  =  Total  mean  of  the  control  Rroup  for  the  7  hours  =  IX t.- 

Xte 

Xe  =  Total  number  of  in<livi<luals  in  the  experimental  Rroup  =  97 

Xo  =  Total  number  of  individuals  in  the  control  Rroup  =  46 

Xf»  =  Total  number  of  observations  in  the  experimental  Rroup  =  fX»)  (hours!  =  (97) 
(7)  =  679 

Xte  =  Total  number  of  observations  in  the  control  Rroup  =  (Xc)  (hours)  =  (46)  (7)  = 
322 

It  is  seen  that  pH  values  (— Xp,  .TXo.  Mp,  and  H,.)  of  the  saliva-sucrose 
mixtures  of  both  prroups  tended  to  deerease  with  inereasin*;  time  of  incubation. 
However,  the  mean  pH  ehaiif'es  after  treatment  were  not  as  low  for  the  experi¬ 
mental  group  as  for  the  control  group.  This  variation  between  the  two  groups 
is  demonstrated  graphically  in  Fig.  1. 

During  the  fii*st  hour  of  incubation  a  mean  increase  in  the  pH  changes 
occurred  in  both  groups,  followed  by  steadily  decreasing  values  for  the  remain¬ 
ing  6  hours.  The  slopes  of  the  two  curvi's  were  roughly  parallel  and  at  a  fairly 
constant  distance  from  each  other;  liowever,  the  values  for  the  NaF  group  were 
consistently  less  acid  than  thost*  for  the  control  group. 

2.  Lm.  Index  and  Total  Titralahlf  Acid. — 

The  individual  values  for  L.a.  indices  and  total  titratable  acid  (in  e.e. *s  of 
0.02  N  NaOH)  are  shown,  for  each  subject  liefore  and  after  applications  of  2 
per  cent  NaF  or  water,  in  Tables  IV  aiul  V. 
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Tabi.e  tv 

I^.a.  Indices  and  Total  Titratabi.e  Acid  Determined  Bekore  and  After  Application  of 

2  I’ER  Cent  NaF 


no. 

L.a.  INDEX  1 

TOTAL 

ACID 

NO. 

L.a.  INDEX  1 

TOT  A I 

.  ACID 

BEFORE  1 
APPLICA¬ 
TIONS 

AFTER 

APPLICA¬ 

TIONS 

BEFORE  j 
APPI.ICA- 
TIONS  1 

AFTER 

APPLICA¬ 

TIONS 

BEFORE  1 
APPI.ICA- 

TIONS 

AFTER 

APPLICA¬ 

TIONS 

BEFORE  1 
APPLICA¬ 
TIONS 

AFTER 

APPI.ICA- 

TIONS 

1 

11,000 

2,500 

0.5 

0.6 

50 

0 

0 

O 

79,000 

0 

0.7 

0.6 

51 

117,000 

12,000 

3 

405,000 

43,000 

1.3 

0.3 

52 

0.5 

0.5 

4 

6,000 

11,200 

0.7 

0.5 

53 

0.5 

0.6 

5  1 

50.000 

2.000 

0.4 

0.6 

54 

0 

312,000 

0.6 

0.5 

fij 

5.200 

15,000 

0.4 

1.0 

55 

0 

1,500 

0.6 

0.3 

7 

10.000 

6,000 

0.4 

0.8 

56 

202,000 

83,000 

8 

300,000 

7,500 

1.1 

0.5 

57 

67,000 

25,000 

9 

12.000 

0 

0.7 

0.8 

58 

34,000 

0 

0.5 

0.5 

10  ! 

0.9 

0.6 

59 

40.000 

20,000 

1.3 

0.9 

11 

0 

0 

0.8 

0.4 

60 

5,000 

3,000 

1.2 

0.5 

12 

101,000 

11,000 

0.9 

0.6 

61 

62,000 

100 

0.5 

1.0 

13 

27,000 

131,000 

0.5 

0.5 

62 

600,000 

187,000 

0.8 

1.1 

14 

190,000 

120,000 

0.4 

0.4 

63 

40,000 

32,500 

15  1 

175,000 

45.000 

0.8 

0.3 

1  64 

450,000 

200,000 

16 

37,000 

600 

0.8 

0.3 

1  05 

0.4 

0.7 

17 

0 

0 

0.5 

0.9 

66 

0 

0 

18 

i  225,000 

71,000 

1.1 

1.4 

07 

37,000 

15,000 

19 

1  8,000 

500 

0.4 

0.6 

68 

3,000 

30,000 

0.8 

0.7 

20 

340,000 

0 

0.5 

0.5 

69 

14,000 

1.50,000 

21 

0 

0 

1.0 

0.8 

70 

0 

0 

22 

8,000 

13,000 

71 

200 

0 

0.6 

0.7 

23 

100 

200 

0.0 

0.8 

72 

35,000 

0 

0.4 

0.7 

24 

13,000 

0 

0.3 

0.8 

73 

390,000 

31,000 

1.2 

0.7 

25 

2,700 

22,500 

74 

12,000 

45,000 

1.1 

0.6 

26 

20,000 

0 

0.5 

0.5 

75 

100 

0 

27 

2,340,000 

1,120,000 

70 

3,000 

4,000 

28 

2,200 

1,000 

0.5 

0.4 

77 

270,000 

0 

0.4 

0.6 

29 

3,000 

6.700 

0.6 

0.4 

78 

62,000 

20,000 

0.4 

0.7 

30 

16,000 

52,000 

79 

10,200 

20,000 

31 

36,000 

12,000 

80 

182,000 

37,500 

0.2 

0.4 

32 

0 

0 

81 

0 

40,000 

0.4 

0.5 

33 

130,000 

70,000 

82 

16,000 

75,000 

34 

450,000 

175,000 

83 

0 

0 

35 

1,135,000 

25,000 

0.9 

0.9 

84 

0 

225,000 

0.5 

0.4 

36 

150,000 

260,000 

0.5 

0.4 

85 

797,000 

5,000 

0.0 

0.8 

37 

5, (too 

4,000 

0.2 

0.6 

86 

84,000 

30,000 

0.5 

1.1 

38 

45,00(» 

300 

87 

7,000 

3,000 

0.2 

1.0 

39 

42,500 

0 

0.1 

0.5 

88 

147,000 

0 

0.3 

0.4 

40 

200 

0 

89 

0 

0 

0.5 

0.6 

41 

i  0 

0 

90 

0 

0 

0.9 

1.3 

42 

360,000 

183,000 

91 

0 

0 

0.8 

0.3 

43 

75,000 

185,000 

92 

200 

0 

44 

60,000 

20,000 

93 

385,000 

327,000 

0.8 

0.8 

45 

105,000 

7,000 

94 

50,000 

0 

1.3 

0.5 

46 

1  0 

0 

95 

40,000 

0 

0.0 

0.5 

47 

1  227,000 

15,000 

96 

57,500 

0 

0.5 

1.0 

48 

;  200 

1,000 

0.4 

0.6 

97 

122,000 

3,270,000 

49 

0 

300 

No  cunsisteiit  pattern  could  be  found.  Of  the  93  of  the  original  97  experi- 
nienlal  individuals  .studied  for  L.a.  indices,  59.2  per  cent  showed  a  decrease  as 
compared  with  54.4  per  cent  of  the  46  in  the  control  group,  while  14  per  cent 
and  15.2  |K*r  cent,  respectively,  showed  the  same  index  as  before  the  applications. 
Increased  counts  occurreil  in  26.8  per  cent  of  the  experimental  group  as  against 


Volume  1 1 
Number  I 
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iH'r  cent  in  tlie  controls.  Some  individuals  showed  a  drop  in  their  indices 
from  hiirh  values  (over  1.000)  to  zero  (12.9  per  cent  and  17.4  percent).  These 
pereentaires  ai)proxiniated  eaeli  other  very  cl<»sely  and  their  differences  w'ere 
statistically  insiifnificant.^ 

Kurtherinore,  even  though  37.7  per  cent  and  4H.9  i)er  cent,  respectively, 
demonstrated  decrea.ses  of  total  titratahle  aci<|  after  treatment,  the  difference 
between  the  two  jjroups  was  not  stati.stically  significant.^  In  the  Nah'  ijroup, 

11.5  per  eent  jiroduced  the  same  amount  of  acid  as  before  treatment,  against 

4.5  per  eent  in  the  H^O  group.  Increased  acid  was  produced  by  50.8  per  cent 
of  the  exiHU’imental  ami  4(5. (5  ])er  cent  of  the  control  group. 

The  mean  changes  in  the  L.a.  indices  and  total  titratahle  acid  for  Imth 
groups  are  shown  in  Table  VI ;  no  significant  differences  were  found. ^ 


Fig.  1. — Mean  change.s  in  pH  of  salivary-.sucrose  samples  after  trt'atment.  at  hourly  intervals. 


DISCUSSION 

At  first  glance  the  data  .seemed  to  demonstrate  the  Huoride  ion’s  anti- 
enzymatic  activity  in  that  less  acid  is  produced  at  eaeh  hour  and  in  toto  (Mte 
and  Mtc)  in  the  experimental  than  in  the  control  group.  However,  on  statistical 
evaluation  of  the  mean  differences  at  each  hour  and  in  toto  Indween  both  groups, 
the  resulting  critical  ratios  were  far  below  the  values  reipiired  for  significance. 
Therefore,  the  trend  illustrated  in  Pig.  1  was  not  signifieant,  being  possibly  due 
to  chance.  The  only  reasonable  inference  is,  that  under  the  eonditions  of  this 
investigation,  the  fiuori<le  ion  did  not  reduce  the  acidogenic  properties  of  the 
oral  flora. 
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Table  V 

L.a.  Indices  and  Total  Titratable  Acid  Determined  Before  and  After  Application  of 

Water 


L.a. 

INDEX 

TOTAL  ACID 

L.a.  INDEX 

TOTAL  ACID 

BEFORE 

1  AFTER 

BEFORE 

AFTER 

AFTER 

BEFORE 

AFTER 

NO. 

applica- 

1  APPLICA- 

APPI.ICA- 

APPLICA- 

APPLICA- 

APPLICA- 

APPLICA- 

TIONS 

1  TIONS 

TIONS 

TIONS 

TIONS 

TIONS 

TIONS 

1 

140,000 

27,000 

1.0 

0.8 

24 

35,000 

225,000 

0.1 

1.1 

2 

32,500 

0 

0,5 

0.4 

25 

56,000 

7,000 

0.3 

0.4 

3 

275,000 

450,000 

0.6 

1.1 

26 

87,500 

5,000 

0.8 

1.0 

4 

37,000 

0 

1.3 

0.9 

27 

1,000 

0 

1.0 

0.8 

5 

0 

0 

0.5 

0.7 

28 

20,000 

7,000 

1.0 

0.6 

6 

0 

0 

0.3 

0.4 

29 

52,500 

.50,000 

1.2 

0.4 

7 

237,000 

0 

0.1 

0.2 

30 

30,700 

170,000 

0.3 

0.4 

8 

475,000 

600,000 

0.1 

1.1 

31 

190,000 

40.000 

0.4 

0.5 

9 

0 

0 

0.4 

0.6 

32 

50,000 

90,000 

0.8 

0.6 

10 

425,000 

468,000 

0.7 

0.6 

33 

77,000 

225,000 

0.3 

0.4 

11 

52,000 

7,000 

1.4 

0.9 

34 

50,000 

5,000 

0.9 

0.3 

12 

37,200 

4,000 

O.K 

0.4 

35 

175,000 

53,000 

0.7 

0.5 

13 

375,000 

300 

0.3 

0.2 

36 

18,700 

30,000 

1.0 

0.6 

14 

81,000 

0 

0.3 

0.6 

37 

5,000 

5,000 

1.0 

1.2 

15 

127,000 

10,000 

0.5 

0.4 

38 

37,500 

0 

16 

.342,000 

450,000 

0.1 

0.1 

39 

23,000 

125,000 

1.0 

1.1 

17 

12,500 

0 

0.2 

0.3 

40 

0 

600 

1.2 

0.8 

18 

0 

0 

0.4 

0.5 

41 

3,000 

7,000 

1.3 

'  0.7 

19 

100 

0 

0.4 

0.2 

42 

0 

0 

0.5 

0.7 

20 

65,000 

0 

1.2 

0.6 

43 

45,000 

135,000 

0.6 

0.5 

21 

525,000 

175,000 

0.3 

1.7 

44 

422,000 

3,000 

0.5 

0.5 

22 

415,000 

187,000 

1.2 

0.5 

45 

15,000 

225,000 

0.2 

0.7 

23 

42,500 

0 

0.3 

0.5 

46 

0 

0 

0.6 

0.5 

These  findings  were  augmented  by  the  observation  tliat  no  significant  differ¬ 
ence  existed  between  the  mean  changes  in  total  titratable  acid  in  both  groups 
after  the  applications.  Furthermore,  the  difference  between  the  mean  decreases 
in  L.a.  indices  in  the  two  groups  were  not  statistically  significant  either. 

Although  these  results  do  not  seem  to  support  the  “enzyme-inhibitor” 
rationale  of  topically  applied  XaF,  several  factors  may  be  acting  to  mask  such 
an  effect; 

1.  The  microorganisms  tested  were  those  jiresent  generally  throughout  the 
mouth  and  therefore  were  only  in  intermittent  contact  with  the  fluoride  ion. 
Although  an  inhibitory  action  of  NaF  under  these  in  vitro  conditions,  which 
were  optimal  for  acid  production,  could  not  lie  demonstrated,  it  is  conceivable 
that  in  vivo,  i.e.,  in  the  oral  cavity,  suen  an  effect  may  occur. 


Table  VI 

Mean  Chances  in  L.a.  Indices  and  Total  Titr.\table  Acid  Aitek  Treatment 


GROUPS 

L.a.  INDICES 

TOTAL  TITRATABLE  ACID 
(in  c.c. ’s  of  0.02  N  Naoii) 

V* 

Nt  1 

Mt 

V* 

Nt 

1  Mf 

Sodium  fluoride 

-3,704,900 

93 

-39,850 

+2.3 

62 

+0.0371 

Water 

-1  ,.303,600 

46 

-28,400 

-0.6 

45 

-0.0133 

•Sum  of  all  the  changes  lvalues  after  applications  subtracted  from  those  before).  A  minus 
sign  (— )  indicates  a  decrease  in  the  total  values  after  application  of  the  NaF  or  water. 

A  plus  sign  (+)  indicates  an  increase  in  the  total  values  after  application  of  the  NaF  or 
water. 

tNumber  of  individuals  stuflied. 

tMean  change — plus  ard  minus  signs  interpreted  similarly  to  those  for  S. 
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2.  Since  most  of  the  fluoride  ions  were  presumably  still  on  the  tooth  surfaces 
and  only  relatively  few  in  the  saliva-sucrose  mixtures,  it  is  doubtful  that  they 
could  exert  a  sustaiuc<l  auticuzymatic  activity  in  vitro.  Furthermore,  it  is 
obvious  that  the  relatively  short  exposure  of  the  oral  flora  to  the  fluoride  ions 
on  the  teeth  had  not  altered  their  ability  to  produce  acid  in  vitro. 

CONCLUSIONS 

1.  The  application  of  a  2  per  cent  aipieous  solution  of  NaF  to  the  teeth  of 
youiif?  adults  did  not  alter:  (1)  the  acidogenic  properties  of  the  oral  flora; 
(2)  the  Lactobacillus  acidophilus  index. 

2.  The  findings  do  not  seem  to  .support  the  “enzyme-inhibitor”  explanation 
for  the  dental  caries-reducing  effect  of  topically  applied  NaF. 
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RELATION  OF  pll  TO  THE  EFFEC  TIVENESS  OF  SODIFM  FLUORIDE 
AND  STANNOUS  FIA’ORIDE  IN  DEC’REASINCJ 
ENA^IEL  SOTA'BILITV 

.lOiSKPH  (’.  MrHLKK,*  D.D.S..  AND  HAKKY  (}.  DAY,  8c.D. 
lU imrlmnxt  of  Chemistry,  Initinna  Vniver.sity,  Ittoomiiifiton,  Ind. 

Phillips  aiul  Muhler*  leported  that  the  efFeetiveness  of  sodium  fluoride  in 
reducing  the  solubility  of  both  powdered  enamel  and  whole  tooth  sections 
is  increased  as  the  hydrogen  ion  concentration  is  increased.  This  was  con¬ 
firmed  by  Palmer.  Overstreet,  and  Sacks^  on  the  basis  of  laboratory  evidence, 
but  clinical  evidence*  failed  to  confirm  it.  The  latter  was  based  upon  the 
topical  application  of  sodium  fiuoride  of  dift'erent  pH  values. 

The  reason  for  the  difference  between  the  laboratory  and  clinical  findings 
is  evident  when  chemical  ])rincii)les  are  considered.  The  findings  of  Phillips 
and  Muhler*  and  of  Palmer,  Overstreet,  and  Sacks®  were  based  upon  gravi¬ 
metric  procedures  and,  in  i)rinciple,  they  were  similar.  In  the  method  of  the 
former  workers*  ])owdered  enamel  or  whole  tooth  sections  were  immersed  in  a 
sodium  fluoride  solution  containing  900  i)])m  fluorine.  In  the  different  experi¬ 
ments  the  pH  of  these  solutions  ranged  from  2.6  to  7.5.  After  this  treatment 
the  enamel  or  whole  tooth  sections  were  isolated  by  filtration  and  then  stirred 
for  20  minutes  in  0.2  N  acetic  acid.  Thereupon  the  solid  i)hase  was  sei)arated 
by  filtration  once  more,  washed,  dried,  and  weighed.  Control  sam])les  were 
.subjected  to  the  same  treatment  except  that  sodium  fluoride  was  omitted.  In 
this  method,  as  well  as  in  the  method  of  Palmer,  (Overstreet,  and  Sacks,®  most 
of  the  calcium  dissolved  in  the  presence  of  sodium  fluoride  must  have  been 
precipitated  as  calcium  fluoride,  which  is  highly  insoluble  in  the  pH  ranges 
employed.  Moreover,  the  lower  the  j)!!  the  more  calcium  was  dissolved  and 
the  more  calcium  fluoride  must  have  been  i)recipitated.  Thus  it  is  reasonable 
to  suppose  that  the  relatively  low  loss  in  w'eight  observed  in  the  samples 
treated  with  sodium  fluoride  was  due  in  part  to  the  presence  of  the  insoluble 
calcium  fluoride. 

Therefore,  another  experimental  method  w’as  employed  to  reexamine  the 
relation  of  pH  to  the  effectiveness  of  sodium  fluoride  in  decreasing  the  solu¬ 
bility  of  enamel.  Also,  owing  to  the  promise  of  stannous  fluoride  as  a  highly 
effective  agent  for  the  ])rotection  of  the  teeth  from  dental  caries,*’  ®  this  com¬ 
pound  was  compared  with  sodium  fluoride. 

p:xperimental 

The  method  of  choice  was  substantially  the  same  as  that  of  Muhler,  P)oyd 
and  Van  HuyserC  for  the  evaluation  of  the  effectiveness  of  various  eompounds 
in  decreasing  the  solubility  of  dental  enamel,  dentin,  and  tricalcium  phosphate 
in  weak  acid.  In  this  method  a  100  mg.  portion  of  i)owdered  enamel*  w’as 
added  to  5  ml.  of  a  fluoride  solution  the  pH  of  w'hich  had  been  adjusted  to  the 
de.sired  value  wdth  hydrochloric  acid  and  sodium  hydroxide.  After  shaking 
the  mixture  for  20  minutes  at  25°  C.  it  was  promptly  centrifuged.  The  clear 

Supported  in  part  by  a  grant  from  the  Procter  and  Gamble  Company. 
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supernatant  solution  was  decanted  and  the  water  used  to  wash  the  insoluble 
enamel  was  added  to  it.  Aliquots  of  the  combined  solutions  were  analyzed  for 
l)hosphorus.  This  served  as  a  measure  of  the  amount  of  decalcification  occur- 
rinji  diiriiifr  the  treatment  with  fluoride.  Next,  10  ml.  of  0.2  N  acetic  acid  was 
added  to  the  insoluble  enamel.  The  mixture  was  shaken  for  20  minutes  as  be¬ 
fore.  Following  i)rompt  centrifugation  the  supernatant  solution  was  decanted 
and  it  was  also  analyzed  for  phosphorus.'*  Controls  were  run  in  the  same 
manner  except  that  fluorides  were  omitted. 

The  results  are  summarized  in  Table  1.  In  this  table  is  listed  the  amount 
of  ])hosphorus  liberated  while  the  samples  of  enamel  were  being  treated  with 
the  fluoride  compounds.  Also,  data  are  given  on  the  amount  liberated  by  the 
subseipient  treatment  with  dilute  acetic  acid.  From  the  later  data  are  com- 
inited  the  ])ercentage  decrease  in  solubility,  as  expres.sed  in  terms  of  phos- 
l)horus  liberated,  using  as  comi)arison  values  the  control  data  obtained  from 
enamel  sam))les  which  were  not  treated  with  any  kind  of  fluoride.  Sodium 
fluoride  was  investigated  in  concentrations  of  10,  500,  and  9,050  ppm  fluorine. 
The  pH  at  each  concentration  was  2.5,  5.5  and  7.0.  Stannous  fluoride  was 
tested  similarly,  except  that  the  highest  concentration  of  the  latter  w^as  4,840 
l)pm  fluorine. 

Table  I 


Fi.rcmiDE 

CO.VCENTRA- 

TION  OF 

FLI'ORINE  IN 

SAMPLE 

PPM 

pn 

NO.  OF 

SAMPLES 

P  I.IBERATEP 

IHRINO 

PROTECTIVE 

TREATMENT 

MG./SAMPLE 

P  LIBERATED 

AFTER 

PROTECTIVE 

TREATMENT 

MO./SAMPLE 

PERCENTAGE 

DECREASE 

IN 

SOI.rBILITY 

Sodium  Fluoride 

10 

2.5 

6 

0.25 

1.99 

26 

Sodium  Fluoride 

10 

5.5 

6 

0.11 

2.08 

18 

Sodium  Fluoride 

10 

7.0 

6 

0.07 

2.11 

27 

Sodium  Fluoride 

.500 

2.5 

6 

1.64 

1..12 

51 

Sodium  Fluoride 

500 

5.5 

6 

0.60 

1.28 

50 

Sodium  Fluoride 

500 

7.0 

6 

0..34 

1.40 

51 

Sodium  Fluoride 

9,050 

5.5 

10 

0.89 

1.46 

42 

Sodium  Fluoride 

9,050 

7.0 

10 

0.02 

1.28 

55 

Stannous  Fluoride* 

10 

2.5 

12 

0.12 

1.73 

36 

Stannous  Fluoride 

10 

5.5 

12 

<0.01 

1.85 

27 

Stannous  Fluoride 

10 

7.0 

12 

<0.01 

1.72 

40 

Stannous  Fluoride 

500 

2.5 

12 

0.50 

0.31 

89 

Stannous  Fluoride 

500 

0..) 

20 

0.12 

<0.01 

>98 

Stannous  Fluoride 

500 

7.0 

H 

<0.01 

<0.01 

>98 

Stannous  Fluoride 

4,840 

2.5 

6 

0.0.1 

<0.01 

>98 

Stannous  Fluoriile 

4,840 

oTo 

0 

<0.01 

<0.01 

>98 

Stannous  Fluoride 

4,840 

7.0 

4 

<0.01 

<0.01 

>98 

Water  only 

0.27 

2.5 

15 

0.75 

2.70 

Water  only 

0.27 

5.5 

14 

0.55 

2.53 

Water  only 

0.27 

7.0 

11 

0.05 

2.87 

•Prepared  at  Indiana  I’niversity  by  Albert  L.  Hensley,  Jr.,  to  whom  we  are  indebted. 


Contrary  to  the  conclusions  of  Phillips  and  Muhler^  and  of  Palmer,  Over- 
street,  and  Sacks,^  the  data  presented  here  show'  clearly  that  neither  sodium 
fluoride  nor  stannous  fluoride  have  any  greater  protective  effect  at  a  low  pH 
than  at  higher  pH  values  regardless  of  the  concentration  of  fluoride  used. 
Actually  the  degree  of  protection  is  shown  to  be  substantially  independent  of 
the  pH  of  the  compounds  used  to  protect  the  enamel.  Thus  the  results  agree 
with  the  clinical  findings.®  in  that  acidulated  sodium  fluoride  is  no  more  ef¬ 
fective  than  neutral  fluoride. 
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The  protective  effect  of  sodium  fluoride  at  oOO  ppm  fluorine  was  decidedly 
greater  than  at  10  p])m  fluorine,  regardless  of  the  pH,  hut  at  the  level  of  0,050 
ppm  fluorine  (2  i)er  cent  sodium  fluoride)  the  degree  of  jirotection  was  not 
significantly  greater  than  at  500  piim  fluorine.  This  indicates  that  the  latter 
concentration  is  near  the  maximum  for  the  greatest  iirotection  which  can  he 
obtained  with  sodium  fluoride.  However,  the  maximum  level  for  this  com¬ 
pound  allowed  a])]>roximately  one-half  as  much  enamel  iihosiihorus  to  he  dis¬ 
solved  as  in  the  case  of  enamel  which  was  not  treated  with  any  source  of 
fluorine. 

Unlike  sodium  fluoride,  stannous  fluoride  suhstantially  ])revented  any 
enamel  from  dissolving  when  the  concentration  was  500  ])i>m  fluorine  or  higher. 
This  striking  effect  is  in  agreement  with  the  evidence  from  other  exjieri- 
ments^*®  that  this  com])ound  has  great  promi.se  as  an  aid  to  dental  caries  pre¬ 
vention.  The  evidence  indicates  that  it  would  have  this  marked  action  at  any 
pH  level  ranging  at  least  from  2.5  to  7.0.  At  the  concentration  of  500  ])])m 
fluorine  unhuffered  stannous  fluoi-ide  has  a  ]>H  of  approximately  2.9.  At  this 
pH  it  is  readily  soluble  in  water  and  solutions  of  it  remain  clear  for  several 
hours.  When  the  pH  is  somewhat  above  4  the  solubility  is  much  lower  and 
precipitation  of  stannous  hydroxide  occurs  more  rapidly  with  time.  (Conse¬ 
quently.  unbuffered  stannous  fluoride  may  be  i)ai‘ticularly  advantageous  in  the 
effort  to  combat  dental  caries  through  topical  api)lication  i)rocedures.  Through 
the  cooperation  of  the  Indiana  State  Hoard  of  Health,  the  comi)ound  is  being 
tested  for  its  effectiveness  when  applied  to])ically  to  children. 


SUMMARY 

The  effectiveness  of  sodium  fluoride  and  of  stannous  fluoride  in  decreas¬ 
ing  the  solubility  of  powdered  enamel  is  substantially  inde]>endent  of  the  ])H 
at  which  the  fluoride  is  applied  to  the  enamel,  as  judged  from  experiments 
in  which  the  pH  ranged  from  2.5  to  7.0.  This  is  contrary  to  certain  reports 
in  the  literature.^’  -  The  reason  for  the  conflicting  conclusions  is  presented. 

In  accord  with  other  evidence  cited,  it  is  shown  that  stannous  fluoride  is 
much  more  effective  than  sodium  fluoride  in  preventing  ])owdered  enamel  from 
dis.s(jlving  in  acid. 
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MKASl'RKMENT  OF  DENTAL  (’ARIES  1X(TDEN(’E  IN  SOHOOL 
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From  the  School  of  Dentifitrif,  Weiftfrn  lleserve  I' nU'ersity,  Cleveland,  Ohio 

IN  VITRO  studies  of  the  effeet  of  sodium  l)iearhonate'  and  the  sodium  ion* 
on  the  ffi-ovvth  and  aeido«;enesis  of  oral  laetobaeillus  su^rgested  the  possi¬ 
bility  that  sodium  mifjht  he  of  value  iji  redueinj?  the  ineidenee  of  dental  caries. 
1'he  present  inve.stifjation  was  initiated  to  determine  the  value  of  sodium  bi¬ 
carbonate  as  a  dentifrice  Avhen  employed  by  school  children  on  a  supervised 
toothbrushiuf;  i)i’Of;ram. 

In  eonsiderinff  methods  for  (piantitatively  estimatiTig  the  extent  of  caries 
prevalence  and  incidence,  difficulties  that  have  received  the  serious  attention 
of  numerous  in  vest  ifja  tors  soo!i  manifested  themselves.  Essentially,  the  prob¬ 
lem  may  be  stated  as  follows.  When  measuring  caries  experience  in  children, 
two  variables  must  be  con.side'ed,  i.e.,  the  susceptibility  to  caries,  and  the 
changing  tooth  ])oi)ulation  during  the  years  of  tooth  eruption.  At  a  given  age 
the  amount  of  tooth  decay  sustained  by  an  individual  is  ultimately  limited  by 
the  number  of  teeth  or  tooth  areas  available  for  caries  attack.  Therefore,  some 
numerical  consideration  should  be  given  to  the  variable  and  varying  tooth  pop¬ 
ulation  characteristic  of  young  individuals.  One  approach  to  this  problem  has 
been  that  of  employing  the  tooth  or  tooth  .surface  population  as  the  basis  of 
measurement,  and  ex])ressing  caries  exi)erience  as  the  per  cent  of  teeth  or  sur¬ 
faces  that  have  been  attacked.*  ®  Since  teeth  are  susceptible  to  multiple  caries 
attacks,  the  possibility  exi.sts  that  the  use  of  “teeth”  as  a  unit  of  measurement 
might  be  a  less  sensitive  indicator  than  “tooth  surfaces.”  As  a  consequence  of 
the.se  considerations,  a  second  objective  of  this  .study  was  to  make  a  comparison 
between  several  methods  of  caries  measurement.  These  methods  are  (1)  per 
cent  of  DMF  teeth,  (2)  per  cent  of  DM?""  surfaces,  and  (3)  the  number  of 
lesions  and  fillings  per  100  teeth. 

MATERIAL  AND  METHODS 

A  dental  examination  was  made  for  548  school  children  6  to  16  years  of 
age  who  reside  in  a  suburb  of  Cleveland.  At  the  end  of  the  one-year  study  469 
children  were  available  for  re-examination  and  it  is  the  data  for  this  latter 
gi-oup  that  are  jiresented. 

On  the  basis  of  mirror  and  explorer  examination  and  bite-wing  roentgeno¬ 
grams.  each  carious  lesion  and  filling  was  recorded  according  to  the  surface 
or  surfaces  on  which  it  occurred.  Missing  teeth  and  teeth  with  pulpal  ex- 
imsures,  or  near-expt)sures.  due  to  caries  were  noted.  Proximal  lesions  were 
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recorded  as  iuvttlviiip:  (»iu>  sui  Dut  uidoss  oxt(>nsio2i  on  the  oo<*lusal  surface  in¬ 
volved  a  earies-snseei)til)le  area,  i.e.,  a  pit  or  fissure.  J’roxiino-oeelusal  filliiiffs 
were  reeorded  as  involviiifr  the  proximal  and  oeelusal  surfaees  even  thoufjh 
the  occlusal  extension  may  have  been  for  the  purpose  of  resistance  form.  Le¬ 
sions  and  fillinjrs  were  reeoi’ded  individually.  However,  a  surface  on  which 
decay  was  recurrent  about  the  margins  of  a  filling,  or  which  contained  a  fillinff 
and  a  separate  lesion  was  .scored  as  one  surface  aflTected. 

For  each  child  a  record  of  teeth  i)resent  aTul  teeth  missin^f  was  obtained. 
Unerupted  teeth  were  not  counted  as  missinj?  due  to  caries,  of  course.  Par¬ 
tially  erupted  ]>osterior  teeth  were  considered  present  if  a  caries-su.sceptible 
area  was  visible  clinically.  Anterior  teeth  were  considered  present  when  a 
third  or  more  of  the  crown  was  visible  clinically.  The  tooth  population  for 
each  child  was  determined  as  well  as  the  number  of  tooth  surfaces,  each  tooth 
considered  as  having  5  surfaees. 

Ill  recording  the  findings  at  the  conclusion  of  the  study,  the  scoring  pro¬ 
cedure  was  similar  to  the  foregoing  description.  In  addition,  the  number  of 
carious  and  filled  surfaces,  le.sions,  and  fillings  on  teeth  which  had  been  ex¬ 
tracted  during  the  course  of  the  study  were  included  in  the  final  tally.  Thus, 
in  a  given  individual,  all  else  being  constant,  the  extraction  of  a  carious  or  filled 
tooth  could  not  result  in  an  apparent  lowering  in  the  number  of  lesions  and 
fillings  or  attacked  surfaces.  Likewise,  a  filling  that  restored  two  (or  more) 
carious  lesions  was  counted  as  two  (or  more)  restorations.  When,  in  making 
the  final  survey,  the  examiner  failed  to  record  a  lesion  reported  in  the  initial 
survey,  a  re-examination  of  the  tooth  or  teeth  w^as  made  and  the  necessary  cor¬ 
rection  inserted. 

When  dealing  with  DMF  surfaces  it  is  necessary  to  establish  the  value  of 
M,  i.e.,  tjfe  number  of  carious  and  filled  surfaces  on  teeth  missing  because  of 
caries.  Values  of  3,'  approximately  4,’®  and  5®  have  been  suggested.  Hyatt** 
used  the  number  of  surfaces  attacked  on  a  tooth  in  the  dental  arch  correspond¬ 
ing  to  the  missing  one.  At  the  beginning  of  the  present  study  M  was  deter¬ 
mined  by  estimating  the  average  number  of  carious  and  filled  surfaces  on  teeth 
w'arranting  extraction  (teeth  with  exposures  or  near-exposures)  and,  hence, 
teeth  that  w'ould  be  missing  in  the  near  future.  For  122  posterior  teeth  this 
value  was  2.7,  for  6  anteriors,  1.5.  At  the  end  of  the  study  the  average  num¬ 
ber  of  carious  and  filled  surfaces  on  68  posterior  teeth  actually  extracted  dur¬ 
ing  the  year  was  2.3.  Only  one  anterior  tooth  had  been  lost  and  it  had  1  sur¬ 
face  involved. 

For  the  purpose  of  .studying  the  effectiveness  of  the  dentifrice,  a  control 
and  experimental  group  were  selected  at  random,  by  choosing  every  third  child 
on  the  classroom  roster  as  a  eontrol.  The  only  deviation  from  this  procedure 
occurred  when  siblings  were  bmnd  to  be  in  opposite  categories.  Inasmuch  as 
rosters  were  not  neces.sarily  made  up  according  to  age,  and  because  of  sub¬ 
sequent  nonpaiticipation  by  some  pupils,  changes  of  residence,  illness,  etc., 
the  final  ratio  of  experimentals  to  controls  in  each  age  group  was  altered 
fn>m  the  intended  2:1  ratio. 
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Knoh  school  ihiy,  ffroups  of  pupils  were  lakeii  to  a  washroom  where  they 
lirushed  their  teeth  under  supervision  of  their  teachers.  I'.oth  teachers  and 
pupils  had  been  instructed  in  proper  toothbrushiiiK  techni(pie.  It  is  known 
that  difficulties  were  encoiudere<l  in  supervising  the  older  groups  of  high  school 
students  so  that  the  data  for  the  age  groups  14  to  ItJ  years  are  (d*  limited  value. 
A  .sufficient  (piantity  of  dentifrice  and  t(»othhrushes  was  provided  each  jmiul 
so  that  a  home  supply  was  available  in  addition  to  that  maintained  at  school. 
Several  educational  movies  related  to  maintenance  of  good  oral  hygiene  were 
shown  to  the  school  chihlren  as  well  as  to  jiarents  and  teachers  at  I’.T.A.  meet¬ 
ings.  Occasional  letters  were  sent  to  the  parents  to  stimulate  and  maintain 
their  iutere.st  and  coo])eration,  especially  during  vacation  periods,  with  the 
object  of  promoting  better  home  care  of  the  teeth. 

The  dentifrice  tested  had  the  following  formula:  tricalcium  phosphate, 
40  (Jm.;  sodium  bicarbonate,  00  (Im. ;  saccharin,  .Od  (Jm.;  methyl  salicylate, 
1.0  (iin.  The  control  <lentifrice  consisteil  of  tricalcium  |>hosphate  UK)  (Jm.; 
saccharin,  .Od  (Jm.;  and  methyl  salicylate  .8  (Im.  The  <lentifrices  were  dis¬ 
pensed  in  bottles  each  of  which  was  labelled  with  a  impil’s  name  and  cla.s.s- 
room  number.  In  aqueous  solutiiui  the  bicarbonate  dentifrice  had  a  t>11 
to  8.4,  whereas  that  of  the  control  was  li.O. 

Data  for  lactobacillus  counts  on  a  t«dal  of  d49  pupils  were  obtained  on 
the  basis  of  a  salivary  sample  (collected  ui)on  rising  in  the  morning)  at  the 
start  and  completion  of  the  study. 

The  following  abbreviations  are  used  in  this  paper:  DMFs  refers  to  de¬ 
cayed,  missing,  and  filled  surfaces,  DMFt  refers  to  decayed,  mi.s.sing,  and  fille<l 
teeth,  liF  refers  to  lesions  and  fillings  present.  LMF  includes  lesions  and  fill¬ 
ings  in  teeth  which  had  been  extracted  during  the  year  of  the  study,  in  addi¬ 
tion  to  the  number  of  le.sions  and  fillings  present,  T  refers  to  total  teeth  avail¬ 
able  (erupted)  and  includes  teeth  missing  becau.se  of  caries,  Tp  refers  to  total 
teeth  present.  In  the  second  survey  (1951)  it  includes  teeth  present  plus  those 
lost  because  of  caries  during  the  1950-1951  period,  and  S  refers  to  total  sur¬ 
faces  available,  and  includes  surfaces  of  teeth  mis.sing  because  of  caries.  All 
data  refer  to  permanent  teeth  only. 


FINDINGS 

Effectiveness  of  Dentifrice. — Because  the  supervision  of  the  high  school 
students  was  admittedly  unsatisfactory  in  the  upper  grades,  calculations  were 
made  which  excluded  ages  14  to  16,  and  these  findings  are  presented  in  Table  1. 
The  per  cent  dilTerence  between  the  1950  and  1951  findings  or  increment  of 
caries  attack,  are  tabulated  for  the  experimental  and  control  groups,  respec¬ 
tively,  as  determined  by  the  three  methods  of  measurement.  Thus,  the  32.4 
per  cent  difference  between  the  1951  and  1950  DMFs  S  x  100  values  for  the 
experimental  group  compares  with  the  35.1  per  cent  difference  for  the  control. 

When  the  data  are  tallied  to  include  the  14  to  16  year  olds,  the  results 
shown  in  Table  II  are  found. 
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Thk  Pkk  C’kxt  ok  DME  Tektii,  DME  JSi  kkaoes,  am>  the  Ni  mhek  ok  Lesions  ank  FiUiiNos 
Per  100  Teeth  in  410  8chooi,  Phiehren  6  to  Kl  Years  ok  Aoe,  Incia  sive,  at  the 
Beginning  and  End  ok  the  Test  Period 


i 

DMKt 

T 

100 

DMKs 

-  X 

s 

100 

LK 

-  X 

Tp 

100 

EXPERIMENTAL 

1  CONTROL 

EXPERIMENTAL 

1  CONTROL 

EXPERIMENTAL 

1  CONTROL 

1950 

28.7 

27.1 

8.86 

8.29 

45.7 

4.3.1 

1951 

'  .37.6 

.36..3 

(8.9.3) 

13.10 

(8.33) 

12.78 

67.9* 

66.8* 

Difference 

8.9 

9.2 

(i:i.i5) 

4.24 

(12.81) 

4.49 

oo  o 

2.3.7 

f/c  Difference 

23i7 

25..3 

(4.22) 

.32.4 

(4.48) 

:i5.i 

.32.7 

.35.5 

(.32.1) 

(.35.0) 

Two  hundreil  eighty-tliree  in  the  experimental  group,  136  in  the  control.  Values  in 
parentheses  are  those  obtained  when  M  equals  2.7. 

•These  values  are  Tp  X  100. 


In  order  to  evaluate  the  bacterial  counts,  a  distribution  of  the  per  cent  of 
children,  6  to  1:3  years  old,  with  counts  above  and  below  10,000,  resiiectively, 
was  calculated  for  the  exiierimental  and  control  {jroups  (Table  111),  Only  9 
samples  of  saliva  were  obtainable  in  the  34  to  16  a^e  g:roups  and  these  are  not 
included  in  the  data  shown.  The  per  cent  of  children  with  counts  below  10,000' 
decreased  from  :39.1  to  .37,9  in  the  experimental  pjroup  and  from  35,1  to  33,3 
in  the  control.  The  per  cent  of  children  with  counts  above  10,000  increased 
from  60.9  to  62.1  in  the  experimental  fjroup  and  from  64.9  to  66.7  in  the  control. 

Comparison  of  Methods. — The  yearly  increment  of  caries  attack  in  the  ex¬ 
perimental  and  control  ffroujis  as  measured  in  terms  of  iier  cent  teeth  and  per 
cent  .surfaces  that  are  DMF,  as  well  as  by  the  number  of  lesions  and  fillings  per 
100  teeth  is  shown  in  Tables  I  and  II.  For  the  experimental  group,  ages  6  to  13 
only,  the  per  cent  difference  between  the  1950  and  1951  values  are  23.7,  32.4, 
and  32.7,  depending  on  the  method  of  calculation.  For  the  control  group  the 
corresponding  values  are  25.3,  35.1,  and  35.5.  Similar  calculations  for  age 
groups  6  to  16  are  shown  in  Table  II. 


Table  II 

The  Per  Cent  ok  DME  Teeth,  DMF  Si  rkaces,  and  the  Ncmber  ok  Lesions  and  Fiu.ings 
Per  IOO  Teeth  in  469  Schooi,  (Tiii.dren  6  to  1(5  Years  ok  Age,  Incevsive,  at  the 
Beginning  and  End  ok  the  Test  I’eriod 


DMKt 

-  X 

T 

100  1 

DMKs 

-  X 

S 

100 

LF 

-  X  100 

Tp 

EXPERIMENTAL 

( CONTROL 

EXPERIMENTAL 

1  CONTROL 

1  EXPERIMENTAL  | CONTROL 

1950 

31.1 

31.1 

9.77 

(9.86) 

9.82 

(9.92) 

48.7 

47.6 

1951 

.39.6 

.39.9 

14.00 

(14.07) 

14.16 

(14.25) 

70.7* 

70.9* 

Difference 

8.5 

8.8 

4.2.3 

(4.21) 

4.34 

(4..33) 

22.0 

2.3.3 

%  Difference 

21.5 

22.1 

30.2 

(29.9) 

.30.6 

(.30.4) 

31.1 

32.9 

Three  hundred  ten  In  the  experimental  group,  1 59  in  the  control.  Values  In  parentheses 
are  those  obtained  when  M  equals  2.7. 

•These  values  are  nMF/Tp  X  100. 
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DISCUSSION 

The  Dentifrice. — Sodiiiiu  bicarbonate  has  been  used  einpirieally  as  a  den¬ 
tifrice  for  many  years,  either  alone  or  in  combination  with  other  substances.  Ijab- 
oratory  studies’’  *  sujjfre.sted  that  sodium  liicarlMinate  or  the  sodium  ion  are 
inimical  to  the  {rrowth  and  acidofrenicity  of  oral  lactobacillus.  AVhile  the  rela- 
tionshij)  of  specific  bacteria  to  the  etiology  of  dental  caries  remains  a  moot 
(piestion,  the  iiossibility  that  sodium  bicarbonate,  a  relatively  inexpensive 
household  article,  mifjht  exert  an  effect  on  the.se  orfjanisms  in  vivo,  offered  an 
attractive  approach  to  ])otential  <lental  caries  C(Uitrol.  In  addition,  were  this 
salt  to  inhibit  the  lactobacillus  flora  in  vivo  as  well  as  in  vitro,  any  accompany¬ 
ing  change  in  caries  activity  or  any  failure  to  obtain  a  change  would  be  a 
further  contribution  to  our  knowledge  of  the  caries  mechanism.  These  two 
objectives,  therefore,  motivated  the  use  of  this  dentifrice. 

A  slightly  lower  carie-,  increment  can  be  found  in  the  experimental  group 
as  compared  with  the  control,  irrespective  of  the  method  of  mea.surement  used 
(Tables  T  and  II).  The  difference  between  the  group  using  the  bicarbonate 
dentifrice  and  the  one  using  the  control  dentifrice  can  not  be  considered  clini¬ 
cally  significant  and  is  probably  <lue  to  fortuitous  sampling  variation  entirely. 

It  has  been  .shown  that  bi’ushing  the  teeth  immediately  after  eating  is  an 
effective  method  in  reducing  caries  incidence."  In  the  jiresent  study  the  super¬ 
vised  program  was  so  arranged,  of  necessity,  that  brushing  of  the  teeth  was 
carried  out  during  moi’iiing  classes  and  did  not  immediately  succeed  the  morn¬ 
ing  or  noon  meal.  Home  care  of  the  teeth,  desjute  its  encouragement,  could 
not  be  depended  iiiion  to  be  carried  out  faithfully,  but  the  possibility  existed 
that  some  home  care,  plus  the  daily  supervised  introduction  of  an  alkaline 
sodium  salt  into  the  oral  cavity,  might  exert  a  beneficial  effect  whether  u.sed 
after  eating  or  not.  One  effect  that  could  be  indeiiendent  of  the  time  of  day 
the  teeth  were  brushed,  was  that  of  the  alkaline  dentifrice  on  lactobacillus 
counts. 

t.vbi.k  hi 


The  Per  Cent  ok  Children  With  L.\CTOBAriLLrs  (’ocnts  Above  or  Below  10,000  Per  c.r. 
OK  Saliva  at  the  Beoinnino  and  End  ok  the  Test  Period 


1  EXPERIMENTAL  | 

1  CONTROL 

1950 

1  1951  1 

1950  j 

1951 

Below 

10,000 

.19.1 

,17.9 

35.1 

.13.3 

.\l»ove 

10,000 

00.9 

02.1 

04.9 

00.7 

Saliva  samples  were  obtained  from  2.15  in  the  experimental  ^roup.  114  in  the  control. 


As  indicated  in  Table  IIT,  both  the  experimental  and  control  groups 
showed  similar  changes  in  frequency  distribution  of  pupils  with  bacterial 
counts  above  or  below’  10,000.  The  changes  observed  between  the  initial  and 
final  values  for  the  experimental  and  control  groups  are  so  subtle  that  one 
hesitates  to  place  a  literal  interpretation  on  the  differences.  The  observation 
might  be  made,  however,  that  these  two  groups  of  individuals  with  similar 
caries  incidence  also  presented  comi>arable  indices  of  caries  activity  as  deter¬ 
mined  by  lactobacillus  counts,  Whether  or  not  this  observed  relationship  is 
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circumstantial,  touches  upon  one  of  the  basic  i)rohlems  concerned  with  the 
etiolog:y  of  dental  caries.  Nevertheless,  the  two  prroups  of  children  presented  a 
consistent  and  coini)arahle  history  of  caries  attack  whether  based  on  direct 
measurement  in  the  oral  cavity  or  the  indirect  method  based  on  bacterial 
counts. 

Methods  of  Measurement. — As  stated  in  the  openiiiff  parasrai)hs,  the  “sensi¬ 
tivity”  to  alterations  in  caries  attack  usiiifi  “teeth”  as  the  basis  of  measurement, 
was  a  point  to  be  investijiated.  In  the  situation  that  finally  developed,  the  two 
"roups  of  children  were  very  much  alike  in  respect  to  caries  incidence,  and  this 
fact  could  be  ascertained  by  any  one  of  the  three  methods  used  (see  Table  1). 
This  similarity  between  the  two  ^roui)s  limits  the  evaluation  of  the  advantajjes,  if 
any,  that  any  one  method  may  have  been  used  to  compare  caries  incidence  in 
relatively  small  jrroups  of  individuals.  It  cannot  be  ascertained  from  the  data 
whether  or  not  all  three  measuring:  methods  would  fiive  comparable  results  when 
used  to  evaluate  groups  with  divergent  caries  incidence. 

In  connection  with  the  study  of  the  (pialities  of  the  three  methods  used, 
the  following  observation  was  made.  When  com])aring  the  relative  increase 
in  caries  prevalence  for  the  entire  groui)  of  individuals  as  measured  by  the 
three  methods,  the  use  of  per  cent  DMFs  and  L(M)F  per  100  teeth  gave  simi¬ 
lar  results.  That  is,  the  1951  values  are  a  similar  number  of  times  higher  than 
the  1950  values  when  these  two  methods  are  used,  (See  i)arallel  sloi)e  of  lines 
representing  combined  data  for  experimental  and  control  grou|)S,  Fig.  1). 
Also  compare  per  cent  difference  in  Table  IV.)  The  use  of  per  cent  DMFt 


Kig.  1. — firapli  showing  the  relative  increase  in  caries  prevalence  for  the  experimental  an<l 
control  groups  combine<l  as  measured  by  the  three  methods  of  calculation  indicated.  Data 
are  plotted  for  the  entire  group  of  school  children  .studied  as  well  as  for  ages  6  to  13  inclusive. 


gives  a  slope  of  lesser  inclination  than  that  of  the  other  two,  an  observation 
which  may  be  attributed  to  the  fact  that  multiple  caries  attacks  are  somewhat 
obscured  when  per  cent  DMFt  is  employed. 

The  use  of  M  equals  2.7  would  have  had  little  effect  on  the  conclusions 
drawn.  Having  determined  the  observed  average  of  2.3  carious  or  filled  sur- 
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Table  IV 

The  Per  Cent  of  DMF  Teeth,  DMF  Surfaces,  and  the  Number  of  Lesions  and  Fillings 
Per  100  Teeth  in  469  School  Children  6  to  16  Years  of  Age,  and  419  School 
Children  6  to  13  Years  of  Age  at  the  Beginning  and  End  of  the  Test  Period 


X  inn 

DMKa 

LF 

—  X  100 

Tp 

t 

H 

1 

^  la.’io 

31.1 

9.79 

48.3 

Ages  6-16 

1951 

39.7 

14.05 

70.8* 

1 

L  %  Difference 

21.7 

.30.3 

31.8 

1 

f  1950 

28.2 

8.70 

44.8 

Ages  6  13  i 

1951 

37.2 

13.00 

67.5* 

1 

1  %  Difference 

24.2 

.33.1 

3.3.8 

•These  values  are  I^MF/Tp  X  100. 


fncos  ])cr  tooth  actually  extracted,  the  2.7  value  heeoines  a  rather  academic  one. 
Vet,  it  serves  to  accentuate  the  innuinerahle  variables  that  complicate  the  ta.sk 
of  (piautitative  caries  measurement.  For  example,  in  some  individuals,  teeth 
that  were  cariously  exposed  and  umpiestionahly  warranted  extraction  at  the 
start  of  the  study  were  still  jiresent  a  year  later  because  there  had  been  no 
jiainful  or  untoward  symptoms  of  an  acute  nature.  This  somewhat  disconcert¬ 
ing  findinjj:  contributed  to  the  discrejiancy  between  the  original  estimate  of  2.7 
and  the  observed  value  of  2.'\.  For  this  and  other  reasons,  the  latter  value 
ajiplies  to  this  frrouj)  of  children  only.  It  is  interesting  to  note  that  the  value 
obtained  is  lower  than  those  estimated  by  other  investigators  on  the  basis  of 
freneral  observatioid  or  studies  of  extracted  teeth.’*’ 

A  few  remarks  should  be  made  concerning  the  use  of  the  ratio  Ij(M)F/Tp. 
The  original  (1950)  survey  measures  the  number  of  lesions  and  fillings  found 
jier  100  teeth  jiresent  in  the  oral  cavity  of  the  individuals  studied.  This  e.stab- 
lishes  a  base  line  for  the  second  survey  and  does  not  attempt  to  measure  total 
caries  exjierience  in  the  sense  that  teeth  missing  becau.se  of  caries  are  included. 
The  second  survey  (1951)  includes  the  number  of  lesions  and  fillings  found, 
plus  those  lesions  and  fillings  which  were  pre.sent  in  teeth  extracted  during  the 
1950-1951  period.  Included,  too,  are  the  teeth  present,  plus  those  extracted 
during  the  period  of  the  .study.  In  other  words,  the  ratio  is  derived  from  le¬ 
sions,  fillings,  and  teeth  observed  at  the  time  of  and  subsequent  to  the  initial 
examination. 

CONCLUSIONS 

1.  The  use  of  sodium  bicarbonate  as  a  dentifiice  for  aiiproximately  one 
year  lowered  the  incidence  of  dental  caries  in  a  group  of  children  very  slightly 
when  compared  to  a  control  group  using  a  neutral  dentifrice.  The  difference 
between  the  two  groiijis  was  not  considered  clinically  significant. 

2.  When  comparing  two  groups  of  children  with  a  similar  caries  incidence, 
the  use  of  per  cent  DMFt,*  ])er  cent  DMF.s,*  or  the  number  of  lesions  and  fill¬ 
ings  per  100  teeth  each  yielded  the  same  information,  viz.,  both  groups  sus¬ 
tained  a  similar  caries  attack  during  the  course  of  the  study  with  a  slightly 
lower  incidence  observed  in  the  experimental  group  than  in  the  control. 

•For  key  to  abbreviation,  see  pa^e  107. 
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o.  The  slifiht  ehaii^e  in  freejueney  (list rihnt ion  of  the  i)er  cent  of  children 
with  laetohaeillus  counts  above  or  below  10,000  was  comparable  in  the  exy)eri- 
mental  and  control  frroups.  The  similarity  of  the  bacterial  findin^rs  for  the 
jrroup  using  the  bicarbonate  dentifrice  and  the  eonti'ol  group  was  consistent 
with  the  clinical  observations. 

4.  The  use  of  the  ratios  DMFs/sS  nnd  li(M)F/Tp  gave  comparable  esti¬ 
mates  of  caries  ineidenee.  The  use  of  the  ratio  DMFt/T  gave  an  estimate  of 
smaller  dimension  than  the  other  two  ajid  this  was  attributed  to  the  fact  that 
multiple  caries  attacks  are  i)artially  obscured  when  DMF  teeth  are  emplo.ved 
as  the  basis  of  measurement. 

5.  For  this  grouj)  of  children,  during  the  pei-iod  of  the  study,  there  was 
an  average  of  2.3  carious  or  filled  surfaces  j)er  extracted  (missing)  tooth. 
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A  MARK  SKNSK  (*AUI)  KOR  RK(‘( MiDINCJ  DKNTAIi 
K  X  A  M I N  AT  I  ( )N  F I N I )  I  N(  I S 

ELLIOTT  H.  I’ENNEIJi  AND  SAMLEI.  H.  HEHMAN 
Ihvision  of  Dfntat  Ilfsourrn*,  VnUrd  Slotts  Public  UrnUh  Srriirr,  Woshiiuiton,  IK  ('. 

THK  statistical  inaiiay:cnicnt  of  mass  data  jn’csciits  rcconlinn  and  talndatinjj 
problems  wliicii  fro<|iicntly  can  be  soIvcmI  most  efficiently  throujjh  use  of 
punch  cards  and  mechanical  equipment.  From  tiine  t(»  time  development  of 
new  e<piipment  aiid  improvements  or  additional  features  for  existiiif;  units  have 
|)ermitted  simplifieation  of  operations  with  an  attendant  jrain  in  speed  and 
accuracy.  One  such  advance  has  been  the  development  of  mark  sensing,  a  ])ro- 
cedure  initially  used  in  administeriiif;  multiple  choice  examinations  to  allow 
rapid  mechanical  scoring;  of  entries.  This  procedure  has  bee!i  extended  to  the 
automatic  punchinfi  of  tabulatinn  cards  on  which  inf(n-mati»>n  has  been  marked 
with  an  electrographic  pen  or  peneil. 

TMK  .MARK  SKNSI\(5  rKLN'CII’I.K 

A  card  designed  for  mark  sensijig  is  lai<l  out  in  a  fixed  |>attern  of  27  col¬ 
umns  which  may  be  arranged  in  conventional  fields.  This  i)attern  may  be  re¬ 
peated  on  the  back  of  the  card  to  per?nit  the  marking  of  a  t(»tal  of  od  columns 
of  information. 

For  ])unching  purposes,  the  cards  are  passed  through  a  reprorlucer  equipped 
with  a  mark  sensing  device,  which  “senses”  or  “reads”  the  marks  and  makes 
a  perforation  in  the  card  corresponding  to  the  relative  position  of  eaeh  mark. 
Any  of  the  27  mark  sensing  columns  on  either  side  of  the  card  can  l)e  “read” 
and  punched  into  any  of  the  stamlard  SO  punching  columns.  Before  the  card  is 
e.jected  it  may  be  mechanically  scanned,  column  for  column,  to  insure  the  pres¬ 
ence  of  one  and  oidy  one  hole  in  the  columns  selecte«l  for  punching.  Since  the 
“punching  and  verification”  are  accomplished  mechanically  through  the  mark¬ 
ing  of  the  original  record,  the  punched-card  routine,  from  recording  of  the 
basic  data  to  the  preparation  of  tabular  material,  becomes  completely  automatic. 

DKSCRILTIOX  OF  A  MARK  SK.XSK  DKXTAL  RK(’ORI)  FORM 

All  apiilication  of  the  mark  sensing  technique  to  the  recording  of  dental 
examination  findings  was  reported  some  years  ago  by  Klein  and  Kramer,*  who 
developed  a  card  for  tabulation  of  the  caries  experience  of  the  individual  teeth 
in  both  dentitions.  A  later  test  of  this  form  hy  Klein’  in  his  survey  of  a  Xova 
Scotia  population  grouji  established  its  utility  as  an  instrument  for  the  re¬ 
cording  and  analysis  of  detailed  caries  epidemiologic  data. 

The  present  communication  describes  a  further  apiilication  of  the  mark 
sense  card  in  which  the  principle  focus  is  on  the  accumulation  of  a  series  of 
summary  statistics  descriptive  of  the  dental  health  status  of  groups  of  indi¬ 
viduals.  The  present  form  is  designed  to  provide  inexpensively  and  quickly 
those  tabulated  totals  which  experience  suggests  are  of  most  frequent  concern 
to  the  program  administrator  for  planning,  evaluation,  and  study  purposes. 

Received  for  publication,  Oct.  6,  1951. 
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For  oxanii)lo,  the  public  health  dentist  custoiuarily  ie(piire.s  kno\vledf?e  of 
the  frequency  of  decayed,  luissiufr,  and  filled  teeth  in  a  i>opnlation  group  of  a 
particular  age  composition.  Previous  reeord  .systems  for  the  eollection  of  the.se 
data  necessitated  intermediate  transcrii)tion  and  coding  of  summary  figures  and 
in  most  cases  a  subse(}uent  key  punehing  and  verifieation.  The  ])resent  pro- 
eedure  eliminates  the  need  for  assembling,  ending,  or  key  ]>unching  of  data  after 
the  examination  is  performed  and  recorded. 
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Fig.  3. — Age-specific  caries  experience  rates  of  Boy  Scouts  examine<l  at  1950  Jamboree  and  of 
.school  children  examined  in  Hagerstown,  Md.,  1937. 

The  face  of  the  card  (Fig.  1)  is  laid  out  in  two  sections  for  the  recording 
of  identifying  material.  In  the  fii'st  section,  name,  age,  addres.s,  telephone,  etc., 
are  entered  in  longhand  as  descriptive  data.  Extra  lines  are  provided  for  re¬ 
cording  clinical  comments  and  miscellaneous  observations.  The  mark  sense 
section  is  divided  into  .several  fields  for  entering  the  State  code,  date  of  inspec¬ 
tion,  year  and  month  of  birth,  and  receipt  of  topical  fiuoride  applications.  Three 
marking  columns  are  left  for  the  recording  of  additional  characteristics.  For 
example,  this  field  may  be  used  for  identification  of  the  examining  dentist. 
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The  hack  of  the  eard  (Fii;.  2)  is  arraiifjed  for  entering  dental  examination 
findings  in  the  following  seven  fields;  (1)  extraoral  pathology — ahsenee  or  pres- 
enee  of  infections,  neoplastie,  nutritional,  or  other  lesions,  aeeording  to  site 
(head,  faee  or  neek) ;  (2)  oral  pathosis — 'absence  or  presence  of  intraoral  dis- 
ordei*s,  by  site  of  oeeurrenee  (tongue,  i)alate,  uvula,  etc.) ;  (3)  periodontal  dis¬ 
ease — absence  or  presence  of  gingivitis  or  periodontosis  on  a  basis  of  severity; 
(4)  enamel  dystrophy — structural  imperfections,  such  as  Hutchinson’s  teeth, 
fluorosis,  and  febrile  line;  (5)  occlusion  -absence  or  presence  of  malocclusion 
(Angle) ;  (6)  permanent  teeth  (numbers)- -totals  of  permanent  teeth  present, 
lost,  carious,  or  filled;  and,  (7)  })ermanent  teeth  (summary) — summary  of  lost 
permanent  teeth  in  terms  of  treatment  nee<ls  and  of  carious  permanent  teeth 
in  tenns  of  severity  of  attack. 

FIELD  TKSTIXU  OF  KEI'OKDED  FOKM 

The  selection  of  examination  items  in  the  present  card  parallels  somewhat 
the  pattern  of  dental  information  recorded  in  the  Greater  Atlanta  Health  Sur¬ 
vey,  conducted  by  the  (leorgia  Department  of  Public  Health  in  cooperation  with 
the  r.  S.  Public  Health  Service.’*  The  utility  of  the  form  was  tested  in  a  health 
survey  of  over  7,000  boys  who  attended  the  1950  National  Boy  Scout  Jamboree 
at  Valley  Forge,  Pennsylvania. 

Identifying  information  was  entered  on  the  face  of  the  record  by  a  clerk, 
tireliminary  to  the  dental  examination.  The  inspection  technique  employed  in 
this  project  was  of  a  screening  type  in  which  the  examining  dentists  used  a 
tongue  depres.sor  and  a  fla.shlight.  The  examiner  dictated  his  ob.servations  in 
the  seipience  indicated  on  the  card  and  a  clerk  recorded  the  information  in  the 
appropriate  mark  sense  field.  The  entire  examining-recording  operation  aver¬ 
aged  less  than  two  minutes  per  individual. 

Machine  processing  of  the  <lata  provided  a  detailed  breakdown  of  the  ex¬ 
amination  findings  according  to  age  and  geographic  region.  From  this  material 
it  was  relatively  simple  to  abstract  summary  figures  useful  for  administrative 
stud.v.  For  example,  age-specifie  caries  experience  rates  (I)Mh’)  derived  from 
the  Valley  Forge  screening  ])roject  were  compared  with  those  of  the  earlier 
Hagei’stown  studies  by  Klein  and  Palmer.^  Fig.  3  discloses  a  uniformly  greater 
caries  experience  rate  (DMF)  for  all  ages  of  the  Boy  Scouts,  resulting  largely 
from  the  higher  freijuency  of  filled  teeth  in  this  group.  On  the  other  hand,  the 
Hagerstown  rates  for  missing  and  deca.ved  teeth  exceed  those  of  the  Boy  Scout 
series  at  all  ages.  The  higher  filled  tooth  rates  observed  at  the  Jam.lwree  prob¬ 
ably  reflect  both  the  heightened  health  consciousness  fostered  in  these  boys  by 
the  scouting  movement  and  the  last  minute  efforts  of  the  Iwys  to  have  all  re¬ 
mediable  defects  corrected  for  the  Jamboree.  The  lower  missing  tooth  rates 
observed  in  the  Boy  Scouts  are  consistent  with  the  Hagei'stown  findings  of  de¬ 
creased  tooth  loss  in  children  with  fillings  as  compartHl  to  children  without 
previous  fillings.^  These  data  further  document  the  effectiveness  of  dental  care 
in  the  reduction  of  tooth  mortality. 
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DISCISSION 

The  ]irincipjil  iidvanta^ro  of  the  mark  sense  record  form  described  above 
derives  from  tlie  reduction  in  clerical  and  ]>unchin>r  labor  made  possible  by 
its  use.  Information  is  obtained  at  the  source  and  the  “puncliinfr”  is  in  effect 
l)erformed  on  the  .I'ob.  In  ca.ses  where  repetitive  data  such  as  place  and  date  of 
examination  are  to  be  entered  on  a  larsre  number  of  records,  partially  pre¬ 
punched  and  interpreted  cards  may  be  used.  The  cards  are  then  completed  by 
markiiifr  the  remainiufr  information  reipiired  thereby  effecting  a  savinjfs  in 
clerical  time  jier  examination. 

The  punchiufr  of  the  7,28{)  completed  records  from  the  Boy  Scout  screening 
pro.iect  was  accomj>li.she*l  in  less  than  two  onlinary  work  da.vs  by  pa.ssiiifr  the 
cards  through  an  automatic  repnalucer.  As  indicated  earlier,  the  mark  sense 
card  serves  also  as  the  ori»;inal  record,  thereby  eliminatiufr  the  need  for  further 
verifying.  (\)mpletion  of  the  basic  material  for  analysis  reipiired  three  to  four 
runs  through  the  tabulator,  which  were  performed  in  Ifo  days. 

A  disadvantage  in  the  use  of  a  mark  sense  record  lies  in  the  need  for  greater 
than  ordinaiy  care  in  t)hysical  handling  since  these  cards  must  pass  through 
statistical  machines.  Pro]>er  instruction  of  clerical  pemuinel  is  also  required 
to  insure  efficient  marking  performance. 

Despite  these  disadvantages,  experience  in  the  use  of  this  form  has  en¬ 
couraged  the  Division  of  Dental  Resources  to  study  further  use  of  field  marked 
cards  for  the  as.sembling  of  administrative  statistics.  At  the  present  time  an 
experimental  record  form  has  been  developed  for  reporting  the  accumulated 
dental  needs  of  Public  Health  Service  beneficiaries.  Design  and  utilization  of 
this  record  will  l)e  described  in  a  forthcoming  report. 
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(’rnter  Morirhrx, 

The  mcjjsuir  of  tlu*  efficacy  of  ati  optimal  diet  or  of  Huoritic  therapy  in  re¬ 
ducing:  dental  caries  is  depemlent  on  a  precise  determination  of  the  activity 
of  the  caries  at  tlie  hcKinnini;  and  at  the  end  of  the  observation  period.  The 
usual  teehtii«pie  for  measuring  this  efficacy  is  the  «*areful  chartinj?  of  the  extent 
of  carious  tooth  destruction.  Two  of  the  commonly  used  metluxls  are  the  DMF 
Index  (<lecayed,  missing,  ami  filled  teeth)  of  Klein  and  Palmer'  and  the  Modi- 
fie«l  Dental  Paries  Index  by  surfaces  (Hodecker'^'  '*). 

Even  thoujih  these  two  methods  are  reliable  in  defininj;  the  rate  of  carious 
destruction  of  the  teeth,  they  do  not  ffive  information  eoncerniiiK  the  extant  and 
character  of  the  destructive  chatines  within  the  carious  lesion.  Data  concerninf? 
cavity  depth  and.  particularly,  the  texture  of  carious  dentin  at  the  ba.se  of  the 
cavity  are  important  in  jud^in^  the  immediate  efficacy  of  experimental  control 
methods.  Nutritional  studies  have  been  reported  in  which  the  observers  have 
mfied  a  hardejiinj;  of  the  carious  dentin  at  the  base  of  cavities  after  placing  the 
subject  on  an  optimal  diet.  However,  those  investigators  who  minimize  the 
effect  of  diet  in  raising  the  resistance  of  the  teeth  against  caries,  do  not  accept 
this  subjective  observation  without  more  definite  proof. 

The  problem  of  the  manner  in  which  dentin  becomes  hard,  as  observed  in 
arrested  caries,  shows  the  need  of  an  instrument  which  accurately  measures 
cavity  depths  at  various  time  intervals  during  the  experimental  periods.  Such 
an  instrument  may  be  useful  in  stdtling  this  long  contested  problem.  Is  the 
hardness  of  the  flemr  of  a  cavity  noted  in  arrested  caries  due  to:  (1)  elimination 
of  the  decalcified  dentin  by  the  force  of  mastication,  or  (2)  is  the  decalcifie<I 
dentin  hardened  by  salivary  salts  or  by  other  means?  If  the  latter  is  the  ea.se, 
subsequent  measurements  should  show  a  decrease  in  cavity  depth. 

Three  requisites  of  an  effective  cavity  depth  tester  for  this  purpose  appear 
to  be:  (1)  It  must  determine  the  exact  depth  of  a  carious  cavity;  (2)  it  must 
have  the  capacity  for  repeating  measurements  of  an  identical  spot  in  a  carious 
cavity;  and  (3)  it  must  indicate  pos.sible  changes  in  the  physical  character  of 
the  carious  dentin  at  the  base  of  the  cavity. 

An  instrument  fulfilling  these  requisites  is  herewith  described.  It  was 
designed  through  the  activities  of  the  Columbia  Fnivei*sity  Dental  School  Caries 
Research  Croup  and  it  was  built  by  David  Crowther,  the  machinist  of  that 
school.  Fig.  1  is  a  drawing  of  the  cavity  depth  testing  instrument.  A  fine 
l)ointed  needle,  movable  in  vertical  directions  (arrows),  is  1‘etained  in  a  holder. 
The  movement  of  the  needle  is  controlled  by  a  spring  (S),  pressing  on  a  ball 

•Professor  Emeritus,  Columbia  I’niversity,  Seliool  of  Dental  anU  Oral  SurRery  of  the 
Faculty  of  Medicine,  New  York,  N,  Y, ;  A<lvlser  in  Research,  Dental  Department,  Montettore 
Hospital,  New  York,  N,  Y. 
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(B),  wliicli  maintains  it  under  uniform  pressure.  By  screwing  the  ferrule  (F) 
in  or  out,  the  friction  on  the  needle  may  be  varied,  making  it  slide  more  or  less 
easily.  A  calibrated  scale  (CS)  shows  the  position  of  the  ferrule  and  thus 
assures  the  establishment  of  the  same  spring  pressure  used  in  a  i)revious  ob¬ 
servation. 

The  depth  measurement  of  a  carious  lesion  is  taken  by  inserting  the  needle 
into  the  cavity  and  pressing  the  holder  until  it  comes  in  contact  with  the  occlusal 
surface  of  the  carious  tooth.  The  friction  of  the  needle  causes  it  to  penetrate 
the  soft,  decalcified  dentin  under  a  pressure  of  110  to  120  Gm.,  retaining  it  in 
its  position  in  the  holder  for  subsequently  determining  the  depth  of  the  cavity. 


Pig.  1. — Holder  with  needle  (N)  to  measure  the  depth  of  carious  cavities.  Ball  (B) 
under  uniform  pressure  of  spring  (S)  presses  against  needle  which  is  movable  in  two  direc¬ 
tions  (arrows).  The  depth  of  cavity  is  equal  to  “a-b.”  Screwing  down  ferrule  (F)  increases 
pressure  on  needle,  making  it  move  less  easily  and  therefore  needle  penetrates  decalcified 
dentin  more  readily.  CS,  calibrated  scale  to  show  position  of  ferrule. 


The  next  problem  in  the  development  of  the  instrument  was  to  measure 
exactly  the  distance '“a-b”  (Fig.  1)  which  represents  the  depth  of  the  cavity. 
This  offered  some  initial  difficulty.  The  use  of  a  standard  micrometer  was  not 
feasible,  because  it  was  difficult  to  determine  exactly  the  moment  when  contact 
had  been  made  between  the  iioint  of  the  needle  and  the  jaws  of  the  instrument. 
To  avoid  this  difficulty,  any  one  of  the  3  following  methods  may  be  used  to  re¬ 
tain  the  needle  in  its  position  while  measuring  the  distance  “a-b”  (Fig.  1)  : 
(1)  A  set  screw  in  the  head  of  the  holder  could  immovably  fix  the  needle  after 
the  eavity  depth  measurement  has  been  taken;  (2)  measuring  might  be  done 
under  a  low-powered  lens  with  a  magnification  of  approximately  lOx.  The 
operator  could  then  view  the  approach  of  the  micrometer  jaw  to  the  needle  point 
more  clearly  and  thus  prevent  the  former  from  forcing  the  needle  into  the 
holder;  and  (3)  an  electrical  circuit  could  be  installed  so  that  a  light  would 
flash  at  the  moment  of  contact  of  the  needle  point  with  the  micrometer.  Mr. 
Crowther,  the  machinist,  suggested  this  method,  which  proved  satisfactory. 

After  a  cavity  measurement  has  been  obtained,  the  holder  is  hung  in  the 
apparatus  (Fig.  2).  The  distal  end  of  the  needle  passes  into  a  slot  (S)  drilled 
into  the  fixed  jaw  of  the  micrometer,  so  as  to  leave  the  position  of  the  needle  in 
the  holder  undisturbed.  When  the  holder  is  in  this  position,  its  distal  surface 
is  in  contact  with  the  support  and  establishes  one  electrical  contact.  The 


Fig.  2. — Close-up  of  a  part  of  measuring  apparatus  which  determines  cavity  depth  (a-b 
of  Fig.  1).  S,  slot  into  which  the  distal  end  of  the  needle  fits;  B,  bulb  flashes  when  point  of 
needle  (N)  makes  contact:  C,  dry  cell. 

lilate  in  the  area,  corresponding  to  the  approximate  center  of  the  cavity,  with 
a  bur  of  exactly  the  same  diameter  as  the  cavity  depth  testing  needle.  The  above 
procedure  re.sults  in  an  impre.ssion  of  the  orifice  of  the  cavity  and  the  entire 
occlusal  surface  of  the  tooth,  so  that  the  testing  needle  (N),  pas.sing  through 
the  hole  in  the  copper  plate,  always  reaches  the  same  spot  at  the  base  of  tbe 
cavity  during  subsequent  measurements.  Employing  this  method,  duplicatable 
measurement  with  variations  of  8  to  20  microns  were  made  possible.  This 
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micrometer  is  then  closed  cautiously,  so  as  to  approach  very  slowly  the  point  of 
the  needle.  The  moment  contact  occurs,  the  electrical  circuit  is  closed  and  a 
light  flashes.  The  electric  bulb  (B)  and  dry  cell  (C),  furnishing  the  current, 
are  seen  in  Fig.  2. 

The  cavity  depth  tester  was  never  used  for  a  project  by  any  member  of  the 
Research  Group  because  accurate  duplication  of  measurement  could  not  be 
achieved  at  that  time.  The  reason  for  the  variability  of  the  measurements  was 
that  the  needle  point  could  not  again  be  placed  on  the  identical  spot  in  the  base 
of  the  carious  cavity  which  had  originally  been  contacted.  This  difficulty  has 
now  been  overcome  by  the  following  procedure:  A  piece  of  thin  copper  plate 
(CP,  Fig.  3),  commonly  used  in  taking  impressions  for  full  veneer  crowns,  is 
cut  to  a  size  slightly  smaller  than  the  occlusal  surface  of  the  carious  tooth.  The 
copper  is  heated  and  a  small  amount  of  very  hot  impression  or  modelling  com¬ 
pound  is  added  on  one  surface  and  this  is  pressed  against  the  occlusal  surface 
of  the  tooth,  allowing  some  of  the  compound  (MC)  to  enter  the  cavity.  The 
impres.sion  is  chilled  and  removed,  a  hole  is  drilled  at  right  angles  to  the  copper 
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margin  of  error  is  insignificant,  as  increases  in  depth  due  to  caries  of  400  or 
more  microns  have  been  observed  in  subsecjuent  measurements  of  the  same 
cavity. 

The  most  suitable  cavities  for  measurment  are  those  involving  the  occlusal 
surfaces  of  molars  and  premolars.  Here  the  copper  reinforced  modelling  com¬ 
pound  impression  finds  a  firm  and  exact  bearing  surface,  so  that  it  always  as¬ 
sumes  its  original  position.  One  precaution  must  be  taken ;  this  is  to  drill  the 
hole  as  nearly  as  possible  at  right  angles  to  the  copper  plate.  Inaccurate  subse- 


Klgf.  3. — Method  of  measuring  depth  of  carious  cavities  assuring  duplicatable  measure¬ 
ments.  H,  part  of  holder  for  measuring  needle  (N)  which  passes  through  hole  in  copper  plate 
(CP)  and  modelling  compound  (MC)  :  x-y,  length  of  bearing  for  needle,  should  be  as  long 
as  possible  to  secure  duplicatable  measurements ;  C,  carious  cavity  in  occlusal  surface  of 
molar.  Hardness  of  decalcifled  dentin  (DD)  is  tested  by  sharply  pointed  needle.  If  this 
area  Is  subsequently  hardened  by  salivary  salts  as  a  result  of  change  in  diet,  etc.,  needle 
will  not  penetrate  as  deeply  as  on  first  examination,  thus  showing  an  increase  in  cavity  floor 
hardness. 


quent  mea.surcmeiit.s  result,  if  this  precaution  is  not  heeded,  because  if  the  hole 
is  drilled  at  an  angle,  the  face  of  the  holder  (Fig.  3)  will  not  rest  squarely  on 
the  copper  plate  (CP).  In  such  case,  only  slight  deviations  of  the  handle  to 
the  right  or  left  result  in  subseipiently  inaccurate  measurements. 

The  depth  of  cavities  on  the  cervical  areas  of  teeth  may  also  be  measured, 
but  not  with  the  .same  degree  of  accuracy  as  tho.se  on  the  occlusal  surface  of 
molars  and  jiremolars,  because  cervical  areas  offer  a  less  firm  and  extensive 
foundation  for  the  conii»ound  impression  than  that  furnished  by  the  occlusal 
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surface  of  a  molar  or  premolar.  However,  by  festooning  the  copper  plate  so 
that  it  does  not  encroach  upon  the  resilient  gingival  tissue,  an  impression  can 
he  made  which  rests  fairly  firmly  on  the  labial  or  buccal  surface  of  a  tooth. 

A  few  further  suggestions  may  he  added.  Only  a  small  amount  of  modelling 
compound  should  be  used  in  order  to  prevent  the  impression  being  held  in  the 
cavity  and  distortion  on  removal  as  a  result  of  the  undercuts  which  usually  are 
present  in  molars.  However,  as  much  modelling  compound  as  possible  should 
be  used  so  that  the  needle  has  thorough  guidance.  The  reason  for  this  is  made 
clear  in  Fig.  3.  The  bearing  surface  for  the  needle’s  (Fig.  3,  x-y)  guiding  to 
the  base  of  the  cavity  is  composed  of  modelling  compound  (MC)  and  the  orifiee 
of  the  copper  plate.  The  longer  this  “bearing”  is.  the  more  exactly  can  subse¬ 
quent  measurements  be  taken.  Short  “bearings”  permit  the  needle  point  to 
swing  in  a  small  arc,  thus  contacting  different  spots  in  the  cavity  base  and  re¬ 
sulting  in  successively  different  measurements. 

Retention  of  the  impression  as  a  result  of  overhanging  enamel  margins  can 
be  obviated  by  previously  removing  them  with  a  ehisel,  but  opening  the  cavity 
makes  it  less  food  retentive  which,  in  itself,  may  result  in  a  reduction  of  caries 
activity.  Hence,  the  breaking  down  of  enamel  margins  for  the  purpose  of  ob¬ 
taining  a  better  impression  may  lead  to  ineorreet  conclusions  regarding  observa¬ 
tions  on  the  effects  of  caries  preventive  measures,  such  as  the  effect  of  diet  or 
of  fluorine  therapy. 

The  instrument  should  be  sterilized  in  an  oil  bath  to  prevent  the  rusting  of 
the  steel  spring  and  ball  within  the  holder. 

SUMMARY 

An  instrument  has  been  constructed  which  affords  a  means  of  determining 
slight  variations  in  the  progress  of  dental  caries.  Its  purpose  is  twofold: 
(1)  To  obtain  reprodueible  measurements  of  the  depth  of  carious  cavities,  thus 
determining  the  rate  of  progress  of  the  disease;  (2)  to  determine  pos.sible  varia¬ 
tions  in  the  hardness  of  the  decalcified  dentin  on  the  floors  of  carious  cavities. 

Its  use  should  give  determinative  information  on  the  effects  of  caries  control 
procedures:  (a)  If  beneficial,  the  depth  of  the  cavity  will  increase  more  slowly 
than  in  controls  at  succes.sive  measurements;  if  the  protection  is  complete,  the 
depth  of  the  cavity  will  remain  the  same,  (b)  If  caries  is  arrested,  light  may  be 
throw’n  on  the  following  controvei>}ial  (piestion:  Is  the  hard  floor  of  eavities 
noted  in  arrested  caries  composed  of  previously  decalcified  dentin  which  has 
been  recalcified  by  salivary  salts  or  by  other  means,  or  has  the  previously  de¬ 
calcified  dentin  been  eliminated  by  the  force  of  mastication?  In  the  former 
case,  subsequent  measurements  should  show  a  decrease  in  cavity  depth ;  in  the 
latter,  an  increase  in  cavity  depth. 
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Most  dentLsts  have  observed  that  some  dental  cavities  progress  rapidly  in 
size,  whereas  other  cavities  may  show  but  slijjht  tendency  toward  pro¬ 
gression.  Dental  literature  does  not  provide  sufficient  information  relating;  to 
the  time  factor  in  caries  evolution,  especially  as  to  the  variability  one  may  ex¬ 
pect  to  observe  amonj;  different  dental  cavities.  I'mler  the  usual  conditions  of 
practice,  the  dental  operator  will  tend  to  jilace  fillings  in  cavities  as  soon  as 
decay  becomes  evident.  This  procedure  may  lead  one  to  as,sume  that  it  is  un.safe 
to  leave  the  averag:e  cavity  untreated  for  any  prolonpred  period  of  time.  Once 
such  a  cavity  has  been  filled,  there  is  no  way  that  one  can  .judfre  whether  without 
therapy  that  specific  cavity  would  have  progressed  rapidly,  or  whether  it  might 
have  remained  latent  for  months  or,  possibly,  for  years. 

It  would  be  helpful  for  the  practicing  dentist  if  he  had  tables  of  predicta¬ 
bility  as  to  rates  of  progression  of  tooth  morbidity.  For  the  dental  investigator 
even  more  than  for  the  practitioner,  knowledge  should  be  available  as  to  the 
spontaneous  variability  of  caries  progression  rates  which  one  may  expect  to 
observe  among  untreated  cavities  in  a  general  population.  The  observer  then 
would  be  less  likely  to  confuse  such  normal  deviations  from  the  group  averages 
with  those  deviations  which  he  might  properly  attribute  to  the  action  of  any 
agent  whose  caries-potentiating  effect  he  might  be  testing. 

In  the  coui-se  of  a  long-term  study  of  dental  findings  within  a  specific  child 
liopulation,  we  have  accumulated  serial  records  of  the  status  of  individual  teeth 
of  more  than  two  hundred  children  throughout  several  successive  years. *•  * 
These  children  received  only  emergency  dental  therapy  while  under  observa¬ 
tion.  and  as  a  conseipience  it  has  been  possible  to  analyze  the  serial  course  of 
each  untreated  cavity.  Each  dental  record  portrayed  the  size,  location  and 
relative  depth  of  every  cavity,  as  well  as  the  consistency  of  the  a<l,iacent  tooth 
substance  as  gauged  by  its  resistance  to  the  exploring  tine.  The  dental  examina¬ 
tions  were  made  in  a  painstaking  manner  by  specially  trained  dentists,  using 
shari)  exploring  tines,  mouth  mirrors  and  adequate  illumination.  Bite- wing 
radiographs  of  the  posterior  teeth  were  made  routinely,  and  their  findings  were 
used  to  .sui)i)lement  the  clinical  records  in  each  instance. 

This  report  is  designed  to  review  the  findings  noted  on  the  occlu-sal  surfaces 
of  the  second  permanent  molar  teeth  of  these  children.  This  specific  tooth  area 
was  clmsen  for  study  because  of  its  ready  availability  for  clinical  examination, 

•Frf.sented  at  the  2S*th  Annual  Meeting  of  the  International  Association  for  Dental  Re¬ 
search,  French  Lick  Springs,  Ind.,  March  17.  1951.  (•/.  D.  Res.  30:  465,  1951  ). 

This  study  was  made  possible  by  a  grant  from  The  Sugar  Foundation. 
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rRKSKNTATION  OF  I).\T.\ 

Our  objective  was  to  compare  the  extent  of  dental  cavities  in  different 
second  molar  teeth,  and  in  the  same  tooth  at  different  periods  of  observation. 
To  classify  the  decree  of  involvement,  we  have  defined  caries  extent  accordinj; 
to  five  successive  catejyories  of  cavity  size:  (1)  the  tooth  surface  area  heinff 
considered  is  free  from  any  lesion  which  mi^ht  properly  be  termed  carious; 
(2)  a  minor  enamel  lesion  is  present,  of  such  a  nature  that  one  may  assume  that 
it  represents  carious  attack  hut  where  the  dentin  has  not  been  attacked  in  so 
far  as  can  he  determined  either  clinically  or  from  the  radiograph  ;  (3)  a  carious 
lesion  is  present  which  has  involved  both  the  enamel  and  dentin,  but  in  which 
the  lesion  is  small  and  confined;  (4)  a  lesion  similar  in  nature  to  the  foregoinf? 
one  is  present,  hut  its  extent  is  "reater;  yet  the  architecture  of  the  tooth  is 
sufficiently  well  preserved  that  the  tooth  should  be  easily  restorahle  throuifh 
operative  procedure;  (5)  extensive  dentinal  caries  is  present,  endangering  the 
tooth,  with  predictable  loss  of  the  tooth  unless  repaired  promptly. 

The  status  of  each  cavity  was  scored  according  to  this  classification  to 
represent  the  findings  at  each  dental  examination,  and  then  the  time  required 
for  transition  from  one  stage  to  others  was  determined.  From  the  <lata  so  ob¬ 
tained,  frequency  distribution  tables  w’ere  eon.structed  to  indicate  the  varia¬ 
bility  in  time  required  for  various  stagres  of  transition. 

Table  I  shows  the  number  of  dental  cavities  observed  at  the  first  and  the 
last  dental  examinations.  It  also  indicates  the  proportion  of  the  total  number 
of  cavities  which  were  found  in  the  second  molar  teeth,  and  of  that  number  the 
proportion  which  occurred  on  the  occlusal; surfaces.  It  will  be  noted  that  the 
occlusal  surfaces  of  the  second  molar  teeth  accounted  for  about  20  per  cent  of 
all  cavities  in  the  mouths,  and  that  about  80  per  cent  of  all  cavities  in  the 
second  molar  teeth  occurred  in  the  occlusal  surfaces. 


Table  I 

Ni’mbek  of  Dental  C.wities  at  the  Time  of  the  First  and  Last  Examinations 


NUMBER  OF  DENTAL  CAVITIES  j 

PER  CENT  OF  TOTAL  CAVITIES 

NUMBER 

OF 

SUBJECTS 

IN  ALL 

TEETH 

1  IN  SECOND 

1  PERMANENT 
!  MOLARS 

ON  OCCLU-  j 
SAL  SUR-  1 
FACES  OF 
SECOND 

MOLARS 

IN  SECOND  1 
PERMANENT 

MOLARS 

ON  OCCLU¬ 
SAL  SUR¬ 
FACES  OP 
SECOND 

MOLARS 

First 

examination 

49 

597 

138 

116 

23 

19 

I.4l8t 

examination 

49 

1187 

331 

260 

28 

22 

Fig.  1  indicates  the  length  of  time  which  elapsed  while  specific  cavities  re¬ 
tained  the  characteristics  which  placed  them  within  their  respective  designated 
group,  or  else  did  not  progress  beyond  a  certain  designated  classification.  The 
values  are  expres.sed  in  terms  of  months,  as  observed  for  the  individual  sub¬ 
jects  who  occupied  the  quartile  positions.  The  data  summarize  the  following 
ob.se rvat ions.  One  or  more  carious  lesions  had  been  diagnosed  on  half  of  the 
occlusal  surfaces  within  a  year  after  the  tooth’s  eruption  and  on  three-fourths 
of  the  surfaces  within  18  months.  All  these  initial  lesions  were  minor  breaks  in 
the  continuity  of  the  enamel,  which  presumably  were  carious.  They  arose  pri- 
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(luirily  I’roni  <lev<>l<)|nn(Mi1al  pits  ntid  fissiiri's.  Once  the  initial  lesion  had  been 
diagnosed  as  carious,  lon}f  periods  usually  ela|»se<l  het’ore  the  involvement  had 
sprea<l  notably.  With  passage  of  time,  22  out  of  H2  such  lesions  l)ecame  ob¬ 
viously  noncarious,  and  it  must  be  assumed  that  the  diagnosis  of  caries  in  those 
areas  was  faulty  at  the  start.  The  median  lenfjth  of  time  reipiired  for  pro- 
gressitm  to  a  notewoilhy  enamel  lesion  was  20  months.  To  reach  mild  dentinal 
involvement  took  3  years  for  the  median  cavity. 

Oertain  cavities  wen*  well  established  when  the  children’s  mouths  first  were 
examined.  Fij?.  1  shows  the  leiifiths  of  time  during  which  minor  dentinal  lesions 
remained  in  that  .status.  The  median  time  was  IH  months.  For  cavities  which 
already  had  reached  moderate  «lentinal  invcdvement  when  the  child  first  was 
seen,  the  median  duration  of  such  status  thereafter  was  32  months.  In  many 
.subjects,  the  cavities  had  not  a<lvanced  beyond  their  initial  status  when  the 
terminal  examination  was  made;  therefore  the  time  periods  listed  can  be  con¬ 
sidered  minimal  rather  than  truly  reju-esentative. 

In  summary,  our  data  indicate  that  without  reparative  or  other  dental 
therapy,  cavities  tended  to  remain  almost  static  for  periods  of  many  months; 
that  progression  toward  more  severe  caries  involvement  was  not  rapid  in  the 
great  majority  of  cavities  observed.  The  appearance  of  the  initial  enamel  lesion, 
by  contrast,  was  relatively  prompt ;  three-fourths  of  the  occlusal  .surfaces  had 
developed  lesions  which  were  definitely  or  presumably  carious  in  some  degree 
within  eighteen  months  after  eruption  of  the  tooth. 

i>iscus.siox 

Because  of  the  p(HU‘  dental  hygiene  of  our  subjects  and  their  scant  dental 
rei>arative  service,  one  might  have  predicted  rapid  progression  of  the  individual 
caries  lesion,  rather  than  the  slow  advance  which  has  been  observed.  Most  of  the 
children’s  mouths  were  habitually  dirty.  High  salivary  lactobacillus  counts 
were  the  rule  among  the  membei*s  of  the  group  studied.®  The  fluoride  content 
of  the  domestic  water  supply  at  the  institution  where  the  subjects  were  housed 
was  low:  numerous  serial  analyses  made  during  the  coui’se  of  our  study’’  ®  have 
failed  to  show  more  than  0.4  ]).p.m.  of  fluoride.  Moreover,  the  longer  the  chil¬ 
dren  had  been  resident  in  the  institution,  the  lower  their  caries  scores  had  tended 
to  be.^  Mottling  of  enamel  was  not  apparent.  Thus,  basing  ones  judgment  on 
the  customary’  explanations  for  the  initiation  of  caries,  one  would  have  expected 
decay  to  advance  rapidly  under  such  advei’se  conditions. 

On  the  other  hand,  what  evidence  do  we  have  that  untreated  caries  lesions 
in  the  mouth  of  the  average  child  from  any  impulation  group  tend  to  progress 
any  more  rapidly  in  extent?  Judgments  cannot  properly  be  drawn  from  the 
couree  of  the  child  with  rampant  caries  who  is  brought  to  the  dental  clinic 
specifically  for  treatment.  To  oft‘.set  his  rapid  caries  progression  one  can  cite 
children  whose  initial  .status  was  similar,  but  whose  untreated  cavities  have  not 
progres.sed  and  coiusequently  have  not  led  the  i)arents  and  the  child  back  to  the 
dentist  for  relief. 

When  circumstances  permit,  it  is  considered  best  dental  practice  to  fill  cavi¬ 
ties  once  decay  has  become  evident,  before  the  pro<*ess  has  had  an  opportunity 
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to  destroy  the  tooth.  The  authors  afrree  witliout  reservation  that  sueh  i)raetiee 
is  .sound  from  the  view])oint  of  therapy.  But  as  a  eonse(pienee  of  this  praetiee, 
there  are  few  data  availal)le  relatiuff  to  eai'ies  projiression  in  unfilled  eavities. 
To  extend  the  available  data  it  will  he  helpful  if  <hhers  who  have  the  faeilities 
at  hand  will  record  and  ])uhlish  their  observations  as  to  rates  of  varies  pro- 
irression  in  untreated  eavities  amoiifr  different  child  ])oi)ulations. 

In  another  ])ublieation,  the  authors  have  drawn  attention  to  some  common 
errors  of  estimation  of  rates  of  caries  ])rofrression.-^  In  makiufr  clinical  studies 
of  the  effect  of  various  afjents  as  they  may  affect  rates  of  caries  advance,  it  is 
important  to  avoid  as  many  of  these  errors  as  ))o.s.sible.  One  such  error  relates 
to  the  limitation  of  observation  to  the  first  ai)pearance  of  new  caries  lesions. 
Our  studies  have  shown  that  there  is  little  relationshi])  between  the  rate  at  whi^'h 
the  earlie.st  caries  le.sion  becomes  a|)])arent  and  the  rate  of  subseipient  advance  of 
the  caries  lesion.  Moreover  we  have  found  that  there  is  a  hifjh  faetoi-  of  error 
in  the  correct  diafrno.sis  of  the  early  enamel  defect.  A  series  of  e(pially  skilled 
examiners  may  diajinose  the  same  .set  of  lesions  differently:  some  as  early  caries, 
othei’s  as  noncarious  develojunental  defects.  (Conclusions  ba.sed  only  on  the 
ai)pearance  of  new  cavities  are  less  defensible  than  are  those  which  follow  the 
sei'ial  coui’se  of  the  cavity  as  it  evolves.  Oidy  the  latter  provides  a  true  picture 
of  the  course  of  tooth  decay. 

For  the  ])ur})ose  of  clinical  investijiation,  therefore,  it  is  imjmrtant  to  leave 
all  test  cavities  unfilled  and  untreated  throutrhout  the  whole  period  of  observa¬ 
tion.  The  placement  of  fillinfjs  in  itself  comprises  a  method  of  caries  control, 
and  interferes  with  the  ])roper  ai)i)raisal  of  any  other  agency  beiii"  considered. 
Likewise  it  i)revents  estimation  of  the  tendency  toward  caries  profires-sion  in 
depth,  as  contrasted  with  estimation  of  the  number  of  new  areas  of  attack.  Re¬ 
liable  .iudfiment  can  be  based  only  on  the  serial  course  of  untreated  individual 
caries  lesions,  with  determination  of  the  spontaneous  variability  of  advance  as 
contiasted  with  the  degrree  of  variability  observed  amon«r  those  subjected  to  the 
effects  of  the  agent  being  tested. 


SIM.MAKY 

This  study  deals  with  the  length  of  time  which  elapsed  before  dental  caries 
on  the  occlusal  surface  of  second  molar  teeth  progressed  from  one  degree  of 
severity  to  the  next.  The  teeth  studied  received  no  operative  or  other  thera- 
l)eutie  treatment  during  the  course  of  the  study.  The  value  of  the  data  to  the 
clinician  and  to  the  dental  investigator  is  discussed. 

RKFKRKXC'ES 

1.  Boyil,  .Julian  1).,  Wessels,  Kenneth  K.,  and  Cheyne,  V.  D.:  Long-Term  Studies  of 

Dental  f'aries  Progression  .\inong  Teeii-Aged  Inmates  of  a  Custodial  Institution, 
.7.  Calif.  1).  A.  26:  .HO,  ISt.HO. 

2.  Hoyd,  .1.  I).,  and  Wessels,  K.  K.:  Kpidemiologic  Studies  in  Dental  Caries.  Ill:  The 

Interpretation  of  ('linieal  Data  Relating  to  (’aries  Advance,  Am.  J.  Pub.  Health 
41:  11*51. 

.H.  Boyd,  .1.  D.,  Wessels,  K.  K.,  and  Cheyne,  V.  1).:  Is  the  Lactobacillus  Count  a  Valid 
Index  of  the  Activity  of  Dental  Caries?  Pmc.  Sor.  Exper.  Biol.  Med.  71:  53.H, 
11*49. 

4.  Boyd,  J.  D.,  and  Cheyne,  V.  D.:  Kpidemiologic  Studies  in  Dental  Caries.  II.:  The 
Incidence  of  (,’aries  Among  Institutionalized  Children,  J.  Pediatrics  31:  .306,  1947. 


STl'DIKS  ()\  THK  KFFK('T  OF  MKTAI.LK’  SAI.TS  OX  A(MD 
I’ROOrOTlOX  I\  SALIVA.  I. 

.1.  (’.  FOKBKS  AND  .F.  T).  SMITH 

Ih  imrlmtntx  of  l{io<hf  ini,stry  and  Cht  mi.stry.  Medical  ('ollefie  of  Viryinia,  llichmond,  fa. 

IT  IS  KF*Fit*F‘Hlly  l)F*lieve<l  that  the  ])ro(lucti(m  of  acid  hy  the  action  of  nnero- 
oi’grani.snis  on  ferniental)Ie  eai’hohydrates  in  the  mouth  is  a  dominant  faetoi* 
in  the  develoi)ment  of  dental  caries,  (’onsequently,  a  frreat  «leal  of  work  has 
been  done  dui'inp  the  last  few  years  in  an  effort  to  obtain  a  substance  which 
would  ])revent  or  at  least  retard  the  rate  of  aehl  formation,  and  which  could 
he  used  without  danger  of  toxic  i*eactions.  Amoii"  the  substances  which  have 
been  recommended  are  urea,'’  ^  ammonium  sfdts,-^  vitamin  K/  (juartenary 
ammonium  salts,'  and  penicillin.'* 

At  this  time  we  wish  to  re]>ort  on  the  mai-ked  inhibitory  action  of  several 
metallic  salts,  especially  th(>se  of  copper  and  nickel,  on  the  production  of  acid 
by  saliva  containiiiff  either  jflucose  or  sucrose.  Saliva  was  collected  by  ])araffin 
stimulation  and  sucrose  added  to  fjive  a  5  per  cent  concenti-ation.  Aliquots 
were  then  ti*ansferred  to  test  tubes  and  vai’ious  amounts  of  a  solution  of  the 
salt  beinfj:  studie<l  wei-e  added  to  all  but  the  control  tubes.  All  were  then 
made  up  to  the  same  volume  by  the  addition  of  the  necessary  amount  of  water. 
The  cojFper  salts,  which  ai‘e  insoluble  in  water,  were  dissolved  in  a  small 
amount  of  o  per  cent  monoethanolamine  and  then  diluted  with  9  volumes  of 
water.  The  maximum  amount  of  this  solution  added  to  9  ml.  of  the  saliva- 
sucrose  solution  was  1  nd.,  thus  making  a  final  maximum  monoethanolamine 
concentration  of  only  0.05  i)er  cent.  The  control  tubes  of  these  experiments 
contained  an  amount  of  inonoethanolamine  equal  to  the  maximum  pi-e.sent  in 
the  exi)erimental  tubes.  All  tubes  wei'e  incubated  at  37°  and  their  pH 
values  were  determined  with  a  Heckman  pH  meter  at  intervals  thereafter. 
A  number  of  determinations  were  run  on  each  compound  and  the  results  ob¬ 
tained  w'ere  in  general  agreement;  however,  in  order  to  conserve  space,  the 
results  of  only  one  exi)eriment  jFer  compound  are  rei)orted.  Glucose  was  sub¬ 
stituted  for  suci'ose  in  a  few  experiments  and  comparable  1‘e.sults  were  “b- 
tained.  A  nund)er  of  other  copper  salts  besides  those  rejForted  in  Table  1  have 
been  been  studied  and  all  showed  the  same  genei-al  inhibition  when  compai'ed 
at  the  same  copper  level.  These  included  copper  butyrate,  caprylate,  oleate, 
stearate,  9-hendecynoate,  2-dodecynoate,  salicylate,  benzoate,  mandelate,  cin- 
namate,  and  ethyl  acetoacetate. 

It  will  be  seen  from  the  results  that  a  copjFer  concenti’ation  of  3  to  4  mg. 
])er  100  ml.  of  saliva  was  sufficient  to  com])letely  i)revent  acid  formation,  while 
a  concenti*ation  of  0.25  mg.  per  100  ml.  gave  fairly  marked  inhibition.  I'n- 

Reoeiveil  for  piil>li<'Htion.  Jun**  13. 
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Tablk  I 

Ekkect  of  Coffer  Salts  Upon  Acid  Pkodcction  in  Saliva 


TIME  OP  1 

CONCENTRATION 

of  coffer 

MG./lOO  ML. 

1 

INCUBATION  1 

4 

3 

2  i 

1  1 

0.5  1 

0.25 

0 

(HRS.)  ! 

(pH) 

(pH) 

(pH) 

(pH)  1 

(pH)  1 

(pH) 

(pH) 

1  SUBSTANCE  USED 

■  22 

7.9 

7.5 

7.6 

6.3 

5.2 

4.7 

4.3 

Copper  acetate 

48 

7.7 

7.6 

7.5 

4.5 

4.4 

4.4 

3.9 

24 

- 

7.6 

7.3 

6.3 

5.7 

5.0 

4.3 

Copper  propionate 

52 

- 

7.7 

6.0 

4.5 

4.4 

4.3 

3.8 

24 

- 

8.4 

8.2 

6.9 

6.2 

4.9 

4.5 

Copper  laurate* 

48 

- 

8.4 

8.1 

5.3 

4.9 

4.6 

4.0 

24 

7.3 

7.4 

7.3 

6.2 

5.3 

4.9. 

4.4 

Copper  salicylate 

48 

7.8 

7.5 

6.8 

5.1 

4.6 

4.4 

4.1 

22 

7.9 

7.7 

7.6 

6.3 

5.2 

4.8 

4.3 

Copper  sulfate 

48 

7.8 

7.8 

5.4 

4.4 

4.2 

4.2 

3.8 

24 

7.5 

7.3 

7.3 

6.2 

5.1 

4.9 

4.4 

Copper  chloride 

48 

7.7 

7.6 

7.0 

4.7 

4.4 

4.3 

4.1 

24 

8.1 

7.9 

6.9 

5.6 

5.2 

4.7 

4.2 

Copper  saccharinate 

48 

8.1 

7.9 

6.1 

4.5 

4.i) 

4.3 

3.8 

•This  was  rlissolved  in  a  weak  solu*k>n  of  monoethanolamine. 


recorded  experiments  with  several  copper  salts  showed  that  concentrations  as 
low  as  0.1  mg.  of  co])per  per  100  ml.  exerted  demonstrable  inhibitory  action, 
the  effect  being  especially  evident  during  the  fir.st  24  hours  of  incubation. 

Nickel  salts  have  also  been  studied  lather  extensively  and  found  to  be 
in  general  almost  as  active  as  copper  salts.  A  few'  of  these  results  along  with 
some  obtained  on  other  metals  are  shown  in  Table  II.  It  w’ill  be  seen  that 
silver,  gold,  and  mercury  salts  are  (juite  active,  comparing  favorably  to  cop¬ 
per  and  nickel.  Magnesium,  cobalt,  manganese,  aluminum,  iron,  and  chromic 
salts  were  found  to  have  little  or  no  activity.  Platinum  and  palladium  showed 
moderate  activity,  being  superior  to  zinc  but  below  that  of  copper. 

The  results  indicate  that  the  inhibitory  effect  on  acid  production  is 
primarily  a  function  of  the  metal  content.  It  is,  however,  possible  that  some 
metal  derivative  may  be  found  in  which  this  is  not  the  ease. 


Table  II 

Effect  of  Various  Metallic  Salts  Ui*ox  Acid  Production  in  Saliva 


TIME  of 

con(;entration 

OF  METAL  MG./lOO  ML. 

INCUBATION 

6 

*  1 

2 

1 

0 

(HRS.) 

(pH) 

(pH)  I 

(pH) 

(pH) 

(pH) 

SUBSTANCE  USED 

23 

7.0 

6.9 

6.7 

6.8 

4.1 

Nickel  propionate 

51 

7.1 

6.7 

5.5 

4.9 

3.7 

24 

7.2 

7.4 

7.5 

7.2 

4.2 

Nickel  chloride 

48 

8.0 

8.1 

8.0 

6.1 

4.0 

24 

7  3 

7  4 

7.4 

6.7 

4.4 

Nickel  iodide 

50 

7.6 

7.5 

7.3 

5.3 

4.0 

24 

7  6 

7.6 

7.6 

7.5 

4.2 

Silver  nitrate 

48 

8.1 

8.1 

8.1 

8.1 

4.0 

22 

7.6 

7.4 

7.4 

6.8 

4.5 

Gold  chloride 

43 

7.3 

6.5 

6.5 

6.0 

4.1 

22 

7.8 

7.8 

7.4 

7.2 

4.5 

Mercuric  chloride 

43 

7.9 

8.0 

7.4 

6.8 

4.1 

24 

5.2 

5.0 

4.5 

4.2 

4.2 

Zinc  sulfate 

48 

4.7 

4.5 

4.2 

4.0 

3.9 

22 

4.5 

4.5 

4.5 

4.5 

4.5 

Magnesium  chloride 

43 

4.2 

4.2 

4.2 

4.2 

4.1 
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SUM  MARY 

The  effect  of  various  metallic  salts  upon  acid  production  in  saliva  con¬ 
taining  sucrose  has  been  studied.  Copper,  nickel,  gold,  silver,  and  mercury 
salts  exerted  the  greatest  inhibitory  action  on  acid  production.  Magnesium, 
cobalt,  manganese,  aluminum,  iron,  and  chromic  .salts  showed  little  or  no  ac¬ 
tivity.  Copper  at  a  concentration  of  0.25  mg.  per  100  ml.  of  saliva  containing 
sucrose  definitely  inhibited  acid  formation  while  a  concentration  of  3  to  4  mg. 
per  100  ml.  of  saliva  caused  complete  inhibition  of  acid  production. 
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STI'DIHS  ON  TIIK  HKKHl”!'  OK  MKTALMC  SALTS  ON 
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,1.  l'.  FOKHKH  ANF)  J.  I).  WMITII 

Ocparttmntfi  of  liiorhemixtrii  and  Chemistry,  Mrdual  Cotleye  of  I'iifiinia,  Richmond,  Co. 

IN  THK  first  j)api‘r  of  this  series  we  have  ie|>()rte<l  the  marked  inhii)it(>ry 
action  of  various  metallic  salts,  includin';  those  of  copper  ami  nickel,  on  the 
formation  of  acid  in  saliva  containin';  either  ';lucose  or  sucrose.'  The  f)re.sent 
study  deals  with  (a)  the  effect  of  washin»;  the  mouth  and  hrushiri';  the  teeth 
with  an  a<|ueous  solution  of  these  ai;e»ts  <>n  the  pnwluction  of  acid  by  subsequent 
.saliva  collections  after  addition  of  sucrose  and  incubation  at  ('.,  and  (b)  the 
apparent  bactericidal  action  of  copi>er  aJid  nickel  salts  on  the  acido<;enic  orajan- 
isms  in  saliva. 

K.XI'KKIMK.VTAI, 

Effect  of  Mouth  Washintf  and  Teeth  Hrnshinfj. — Thest*  results  are  divided 
into  two  sections:  (a)  The  effect  of  a  single  brushin};  and  washin"  with  the 
inhibitor  solution;  (b)  the  effect  of  rei)eated  brushin^s  and  washings.  In  the 
first  case  saliva  was  collected  with  j)araffin  stimulation  in  the  mornin«;  after 
reaching:  the  laboratory,  then  the  mouth  was  washed  with  some  brushin*;  of 
the  teeth  for  approximately  5  minutes  using  three  separate  portions  of  the 
inhibitor  solution.  After  an  additional  3  minutes,  the  mouth  was  washed  with 
water  several  times  so  as  to  remove  the  excess  inhibitor.  Saliva  was  collected 
at  intervals  thereafter  in  the  usual  way  during  a  3-hour  period.  Sucrose  was 
added  to  all  the  tubes  so  as  to  give  api)roxiinately  a  o  per  cent  concentration 
and  the  tubes  were  incubated  at  37°  for  24  hours.  Several  studies  were  run 
with  each  inhibitor  and  the  results  obtained  were  always  in  good  general  agree¬ 
ment.  The  averages  of  the  various  experiments  in  each  series  are  shown  in 
Figs.  1  and  2.  It  will  be  seen  from  Fig.  1  that  a  single  washing  and  brushing 
with  a  copi)er  solution  of  oidv  0.0030  M  (22  mg.  per  100  milliliters)  exerted 
an  effect  for  at  least  3  hours.  A  O.Ol  M  l63  mg.  per  100  milliliters)  solution 
as  shown  in  Fig.  2  is  still  more  effective,  t'opper  chloride  was  found  to  have 
a  greater  activity  than  nickel  chloride.  We  have  found  this  to  be  the  general 
temlency  among  the  various  copper  and  nickel  salts  stmlied.  although  the 
differences  were  not  always  pronounced.  Stiulies  with  copper  concentrations  of 
O.OOlf)  M  (0.0  mg.  per  1(K)  milliliters)  showed  good  inhibition  of  acid  ])roduction 
but  the  effect  did  not  usually  last  as  long  as  3  hours.  However,  the  duration  of 
effect  is  considerably  prolonged  if  the  fii^st  saliva  collection  is  postponed  for 
several  hours.  This  may  be  due  to  the  mechanical  removal  during  the  saliva 
collection  of  inhibitor  which  had  been  ailsorbed  or  chemically  combined  with 
organic  matter  in  the  mouth. 

It'M-eiv'Ml  for  i>ubli(‘Htion.  .Iviiu*  i:<, 
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/v/?V<7  of  lit  imifril  Wiishiuus  inul  Itrushinfis. — The  purpose  of  this  experi- 
meiil  wus  1o  «lct<‘riinu(*  if  mouth  wsishiii};  us  ulreudy  descrihod  would  reduce  the 
eoiuMMilnition  of  tlie  jieidoiK'iiie  orirunisms  of  Hu*  saliva  over  a  24  hour  periml, 
as  measure*!  hy  the  amount  <d‘  acid  prothieed  when  the  saliva  was  incubated 
with  sucrose.  Saliva  eolleetious  weiv  made  at  a|>|)roximately  7  :30  a.m.,  12  noon, 
()  r.M.,  and  II  r.M.  Breakfast  was  around  7:45,  lunch  at  12:30,  and  dinner  at 
l»:30.  The  mouth  was  washed  shortly  after  each  meal  and  at  11:10  f.m.,  just 
hcfore  retii’iuf;.  During:  the  control  period  at  the  hefrinnitif;  of  the  experiment, 
the  teeth  were  bi'ushed  ami  mouth  washe<l  with  water  instead  of  with  the 
inhibitor  sobdion.  The  sann)les  collected  at  b  11  I’.M.,  and  7:30  a.m.  were 
kept  until  the  12  noon  collection  when  sucrose  was  added  to  all  and  the  tubes 
incubated  to^iether  for  23  hours.  Tests  have  shown  that  the  pH  reached  by  un¬ 
treated  saliva  after  a<ldition  of  either  «:luc<»se  or  sucrose  was  not  measurably 
afl’ecte<l  by  the  saliva  standing:  at  room  tem])erature  for  24  hours  prior  to  addi¬ 
tion  of  the  sufiar  and  incubation.  It  will  be  seen  from  the  results  which  are 
recorded  in  Fi^.  3  that  the  teeth  biushiiui  and  mouth  washiufr  either  caused  a 
marked  reduction  in  the  nund)er  of  aeidoirenic  organisms  in  the  mouth  or 
reduced  in  some  other  way  their  acid-i>roducintr  jxdential. 

Itacti  nri-d-dl  Studies. — A  larjre  amount  of  saliva  was  collected  in  the  usual 
manner,  thorousihly  mixed  and  10  ml.  ])ortions  were  transferred  to  sterilized 
50  ml.  centrifufie  tubes,  care  beinia:  taken  not  to  fret  the  .saliva  on  the  side  of 
the  tubes.  .Micpiots  of  a  standard  solution  of  the  inhibitor  were  added  to  "ive 
the  desired  inhibitor  concentration  and  the  contents  were  mixed  by  fjentle 
tai>])in‘r.  After  various  periods  of  time,  0.5  ml.  of  the  treated  saliva  was 
transferred  with  sterile  precautions  to  a  culture  tube,  (’ontrol  tubes  were 
similarly  |)repare«l  usinjr  0.5  ml.  of  the  same  saliva  without  inhibitor.  The 
tubes  were  then  incubated  at  37°  ('.  for  the  specified  |)eriod  of  time  after  which 
their  pH  was  measured  with  a  Beckman  pH  meter.  The  culture  tulH*s  were 
pre]>ared  as  follows:  Saliva  was  collected  with  i)arafHn  stimulation  and  sucrose 
added  to  make  a  5  per  cent  solution.  Aliciuots  of  9.5  ml.  were  transferred  to 
te.st  tubes.  ]>lu5r‘red  with  cotton  and  sterilized  at  15  jxnuids  pressure  for  15 
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niimites.  A  lew  of  the  experiineTital  results  are  shown  in  Tables  I  and  II.  It 
will  he  seen  from  Table  I  that  a  eoneentration  of  0.0f)2  M  of  niekel  or  copper 
chloride  either  destroyed  the  aeidoffenie  organisms  or  eomi)letely  inhibited  in 
some  other  way  their  aeid-prodneinjr  i)ower  when  ex|)osed  to  it  for  about  24 
hours.  Kven  an  exposure  of  15  minutes  resulted  in  the  apparent  destruction  of 
many  of  the  orjianisms.  It  should  ])e  noted  that  the  maximum  concentration 
of  inhibitor  in  any  of  the  culture  tubes  was  only  0.0001  M  (0.63  m*;.  per  100 
milliliters  in  the  cas<‘  of  cop])er).  As  reported  in  Part  I  of  this  study,  this 
concentration  althoujjh  exerting  a  distinct  inhibitory  effect  on  acid  formation 
is  well  below  that  neces,sary  for  complete  inhibition.*  Results  obtained  with 
copper  laurate  dissolved  in  triethanolamine  are  shown  in  Table  II.  The  results 
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on  the  whole  are  roujrhly  eomjiarahle  to  those  olitaiiied  with  copper  chloride. 
The  maximum  amount  of  triethanolamine  present  in  the  culture  tubes  was  only 
0.02  per  cent,  consequently  neutralization  of  acid  by  this  base  cannot  be 
responsible  for  the  absence  of  a  droji  in  the  pH  of  the  tubes  which  had  been 
inoculate<l  with  saliva  exposed  to  the  hiffher  concentration  of  inhibitor.  The 
minimum  concentration  of  inhibitor  necessary  for  apparent  destruction  of  the 
orj?anisms  durinjf  a  24  hour  exposure  vai'ied  slightly  in  different  exjieriments. 
This  difference  may  be  due  to  variations  in  the  number  of  orfianisms  and  the 
amount  of  proteinaceous  material  in  the  saliva. 

All  of  the  copper  compounds,  which  have  been  tested,  have  a  metallic  taste 
and  their  continued  use  four  times  a  day  as  a  mouthwash  in  the  hifjher  con¬ 
centrations  cause  a  dark  deposit  alono  the  longitudinal  fissure  of  the  tonjiue. 
This  deposit,  however,  disappears  in  a  few  days  after  the  mouth  washiu"  is 
discontinued.  The  saccharinate  has  the  most  jileasant  taste  of  all  the  copper 
salts  thus  far  tested  and  more  work  is  beinj*:  carried  out  with  this  jireparation. 

Sl'MMARY 

Data  have  been  iire.sented  showin**-  that  when  the  mouth  is  washed  and  the 
teeth  brushed  with  an  aipieous  solution  of  a  coi)per  or  nickel  salt,  there  is 
marked  reduction  in  the  amount  of  acid  jiroduced  in  saliva  samjiles  collected 
over  the  next  few  hours.  This  effect  can  be  maintained  over  a  24-hour  period 
if  the  brushing;  and  washinfj;  are  re])eated  after  each  meal  and  ap:ain  shortly 
before  retirin";.  Copper  or  nickel  concentrations  of  0.002  api)arently  destroy 
the  acidogenic  organisms  of  saliva  if  they  are  exposed  to  it  for  as  lonj?  as  24 
hours. 
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THK  (M)PPEll  AM)  (X)BALT  LHVEI.S  OF  HUMAN  SALIVA 
AM)  DENTAL  CARIES  ACTIVITY 

SAMUEL  DKEIZEN,  D.D.S.,  HENRY  A.  SPIES,  .IK.,  H.S.,  AND  TOM  D.  SPIES,  M.D. 

Xorthwestern  University  Studies  in  Nutrition  at  the  Hillman  Hosintal,  lUrminyham,  Ala., 
Iteyartment  of  Nutrition  and  Metabolism 

IT  IS  well  known  that  many  mineral  elements  are  present  in  human  tissues 
ami  tissue  fluids  in  widely  varyinfj  amounts.  Those  which  occur  in  (piantities 
ecjual  to  or  less  than  that  of  iron  have  been  arbitrarily  designated  “trace  ele¬ 
ments.”^  Six  of  these,  namely,  .iron,  iodine,  copper,  cohalt,  manganese,  and 
zinc,  have  been  shown  to  he  essential  to  animal  life.-'  Investigations  conducted 
on  the  bacterial  level  using  chemicall.v  defined  s.vnthetic  media  indicate  that 
not  all  species  of  organisms  recpiire  the  same  trace  minerals,  and  that  in  some 
instances  those  which  are  beneficial  to  the  host  ma.v  be  detrimental  to  bacteria. 

As  ])roducers  of  acids  cai>able  of  decalcifying  tooth  structure,  certain  bac¬ 
teria  have  been  long  identified  with  the  pathogenesis  of  human  dental  caries. 
Extensive  studies  have  been  made  in  an  effort  to  elucidate  the  factors  restricting 
the  growth  of  such  organisms  in  human  saliva.  That  some  of  the  trace  elements 
might  affect  dental  caries  activit.v  is  suggested  b.v  the  findings  of  MacLeod  and 
Snell^  and  of  Stephan. “  The  former  investigators  showed  that  potassium, 
manganese,  and,  for  some  species,  magnesium  are  es.sential  for  the  optimal 
growth  of  lactic  acid-i)roducing  bacteria  in  a  medium  containing  all  of  the 
other  known  growth  essentials  of  these  organisms.  Stephan^  found  that  0.01 
-M  concentrations  of  CTU^,  (V^,  Ni^*,  Mo^+,  and  F'  i)revented  the  growth  of  a 
large  number  of  strains  of  oral  acidogenic  lactobacilli,  strei)tococci,  and  staph.vlo- 
cocci  when  added  to  a  synthetic  medium  seeded  with  these  organisms.  Since 
each  of  these  five  trace  elements  influences  enz.vmc  s.vstems  involved  in  carbo¬ 
hydrate  degradation,-"’  it  seemed  i>ossible  that  their  i)resence  in  saliva  might 
affect  dental  caries  activit.v.  In  order  to  test  this  h.v])othesis,  human  saliva  has 
been  anal.vzed  for  (Ti^,  (^o^,  Ni^,  and  Mo-^,*  and  a  .stud.v  has  been  made  of  the 
degree  to  which  those  present  affect  acid  i)roduction  in  saliva  and  the  growth 
of  an  oral  strain  of  LactohnciUus  acidophil H.<i. 

MATKRI.\I..S  AND  METHODS 

Fourteen  members  of  the  clinic  staff  contributed  saliva  samples  for  the 
(pialitative  and  (juantitative  anal.vses  for  the  trace  elements.  The  former  con¬ 
sisted  of  spectrographic  examinations  of  21  samples  of  paraffin-stimulated 
saliva  obtained  from  11  of  the  14  sub.jects.  each  of  whom  had  clinical  and  labora- 
torv  evidence  of  dental  caries  susceptibilit.v.  In  these  determinations,  50  c.c.  of 
whole  saliva  from  each  sample  were  evaporated  to  dryness,  ashed  at  500°  C.  to 

These  stu<lies  were  supported  by  (grants  from  the  Clayton  Foundation  for  Research. 
Received  for  publication.  July  23,  1951. 

♦In  view  of  the  recently  reporteil  flndinRs  of  Martin  and  Hill*  that  the  fluorine  content 
of  saliva  is  not  related  to  oral  lactobacillus  count.s  and  to  the  prevalence  of  dental  caries, 
an  analysis  of  the  fluorine  content  of  saliva  was  not  incluiled  in  this  inve.stiKation. 
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1,000°  C’.,  and  tested  for  (’o**,  and  Ten  of  the  14  subjects,  7 

of  whom  were  caries  active  and  3  of  wlumi  were  cai’ies  inactive,  provided  85 
samj)les  of  paraffin-stimulated  saliva  for  the  (piantitative  analyses.  Korty-eifihl 
of  the  sami>les  were  analyzed  for  ('iP%  and  37  of  the  samples  were  analyzed  for 
( V*.  Paach  sami)le  was  collected  in  a  sterile  Pyi’cx  flask  within  two  hours  after 
breakfast.  Eij^ht  of  the  10  subjects  contributed  saliva  for  the  copper  determina¬ 
tions,  and  7  of  the  10  for  the  cobalt  determinations.  At  least  three  specimens 
of  saliva  were  submitted  by  each  j^articipant  for  each  analysis  of  copper  and 
cobalt.  The  coi)i)er  content  of  whole  saliva  was  determined  by  the  colorimetric 
method  of  van  Ravesteyn.*  (\)balt  was  determined  by  the  colorimetric  method 
of  MacPhei'son  and  Stewart.**  Since  in  the  latter  method,  copinu-  and  iron  may 
also  react  with  the  nitroso-R-salt  to  form  colored  complexes  which  interfere  with 
the  estimation  of  cobalt  copper,  and  iron  were  first  removed  by  the  method  sufi- 
frested  by  MacPherson  and  Stewart.**  Quantitative  tests  for  coi)per  and  cobalt 
were  made  on  two  6  c.c.  aliquots  from  each  saliva  sample.  The  cobalt  and  copper 
content  of  each  sample  was  calculated  from  standard  curves  developed  by  the 
use  of  known  amonnts  of  soluble  salts  of  each  of  these  elements  in  redistilled 
water. 

The  effect  of  the  removal  of  coi)i)er  and  cobalt  from  saliva  on  dental  caries 
activity  was  determined  by  the  addition  of  0.5  c.c.  of  a  0.01  M  solution  of 
sodium  diethyldithiocarbamate.  This  compound  removes  both  cobalt  and  copper 
from  active  pai1icii)ation  in  a  biolofjical  .system  by  formiriff  insoluble  and  non- 
diffusible  .salts  with  these  elements.”  Sodium  diethyldithiocarbamate  was  added 
to  10  c.c.  aliquots  from  ten  different  samples  of  stimulated  whole  saliva.  The 
aliquots  treated  with  the  chelatiiifr  af?ent  were  subjected  to  the  P’o.sdick,  Hansen, 
and  P]i)ple’'*  test  for  dental  caries  activity,  and  the  results  were  compared  to 
those  obtained  for  untreated  aliquots  from  the  same  samples  of  saliva. 

To  determine  the  effect  of  added  coi)per  and  cobalt  on  acid  production  in 
human  saliva,  soluble  salts  of  these  elements  containing  20.0  /u,g  of  and 
19.7  /ig  of  were  added  to  10  c.c.  ali«iuots  from  12  samples  of  stimulated 
whole  saliva  obtained  from  i)atients  with  active  dental  caries.  These  values 
corresponded  to  ai)proxiinately  4  times  the  maximum  amount  of  copper,  and 
20  times  the  maximum  amount  of  cobalt  found  in  saliva. 

The  effect  of  copper  and  cobalt  in  amounts  equal  to  the  maximum  concentra¬ 
tion  present  in  saliva  on  the  growth  of  an  oral  strain  of  L.  acidophilus  was  de¬ 
termined  by  preparing  ])oui-  i)lates  of  Kulp’s  tomato  juice  agar  each  of  which 
contained  a  central  well.  The  agar  was  inoculated  with  one  loopful  of  a  24- 
hour  yeast  extract-dextrose  broth  culture  of  L.  acidophilus.  The  test  organism 
was  recovered  from  the  saliva  of  a  i>atient  with  active  and  rampant  dental  caries. 
Soluble  salts  of  copj)er  and  cobalt  in  amounts  ecpial  to  the  maximum  concentra¬ 
tions  pre.sent  in  saliva  were  added  to  the  central  wells  either  singly  or  in  com¬ 
bination.  The  })lates  were  incubated  at  37°  (\  for  72  houi-s  after  which  they 
were  examined  for  zones  of  inhibition. 

The  ability  of  copi)er  and  cobalt  to  rei)lace  trace  elements  kno^v’n  to  be 
essential  for  the  growth  of  the  oi-al  L.  acidophilus  was  determined  by  substi¬ 
tuting  these  elements  for  potassium,  manganese,  and  magnesium  in  the  chemi- 
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(•ally  defined  synthetie  medium  of  Jiandy  and  Diekeii."  This  medium  contains 
all  of  the  known  {jrowth  re(|uirenients  of  this  or}?anism.  The  tul)es  were  inocu¬ 
lated  with  an  oral  strain  of  L.  (uidophilns  and  incubated  at  37°  C.  Acid  pro¬ 
duction  was  measured  at  the  end  of  24,  4H,  and  72  hour's  hy  titration  with  0.1  N 
NaOH. 

OBSKRVATIOXS 

The  Presence  of  (Utpper,  Cohalt,  Nickel  and  Molybdenum  in  Human  Whole 
Saliva. — The  results  of  the  spectr-offraphic  analyses  for  copper*,  cobalt,  nickel, 
and  molybdenum  are  presented  in  Table  I.  None  of  the  21  samples  tested  con¬ 
tainer!  detectable  amounts  of  nickel  and  molybdenum.  Each  contained  copper 
and  3  contained  traces  of  cobalt,  the  latter  occurrinj;  in  both  samples  submitted 
by  .1.  II.  and  in  one  of  the  two  samples  obtained  from  F.  S. 


Tabi.e  I 

Distkibutiox  ok  Tkace  Ei.ements  Antagonistic  to  Orae  Aciixigenic  Bacteria  in  21 
Sami'ees  ok  Human  Wiioee  Saeiva  as  Determined  by  Spectrographic  Anaeysis 


TRACE  EI.EMENT 

SUBJECT 

COPPER 

COBAET 

NICKEE 

MOEYBDENUM 

H.  S.  1 

+ 

- 

- 

- 

A.  R. 

+ 

- 

- 

- 

V.  S.  ! 

+ 

- 

- 

- 

s.  H.  ; 

- 

- 

- 

B.  N. 

+• 

- 

- 

_ 

N.  D.  ! 

+ 

- 

- 

- 

J.  H. 

+ 

- 

- 

- 

E.  L. 

+ 

- 

- 

- 

A.  S. 

- 

- 

- 

H.  D. 

-t- 

- 

- 

- 

A.  S. 

+ 

- 

- 

- 

A.  R. 

+ 

_ 

- 

F.  S. 

+ 

+ 

- 

- 

D.  S. 

+ 

- 

- 

- 

J.H. 

+ 

+ 

- 

- 

N.  D. 

+ 

- 

- 

- 

A.  S. 

+ 

- 

- 

- 

D.  S. 

i  4- 

_ 

- 

_ 

F.  8. 

+ 

- 

- 

- 

8.  D. 

+ 

- 

- 

- 

J.H. 

+ 

4- 

- 

- 

Copper  and  Cobalt  Levels  in  Human  Whole  Saliva.— The  copper  and  cobalt 
levels  of  the  48  and  37  samples  of  whole  saliva  which  were  analyzed  quanti¬ 
tatively  for  copper  and  cobalt,  respectively,  are  shown  in  Table  II.  The  copper 
concentrations  rarifjed  from  10.00  to  47.50  n^.  per-  100  c.c.  of  whole  saliva. 
Cobalt  concentrations  I'anfred  from  0.00  to  12.53  pg.  per  100  c.c.  of  whole  saliva. 
The  mean  saliva  copper  concent r-at ions  of  the  8  subjects  tested  ranged  from 
23.25  to  28.00  pg.  jier  100  c.c.  The  mean  .saliva  cobalt  concentrations  of  the  7 
subjects  studied  rarifjed  fi'om  0.60  to  4.18  pg.  per  100  c.c.  Each  of  the  48 
samples  tested  for  copper  contained  this  element  in  amounts  detectable  by  the 
method  used.  The  mean  copper  concentration  of  the  48  samples  was  25.60  pg. 
per  100  c.c.  of  whole  .saliva.  Of  the  37  samjiles  of  .saliva  analyzed  for  cobalt,  27 
(73  per  cent)  did  not  contain  cobalt  in  amounts  detectable  by  the  method  used. 
The  mean  concentration  of  cobalt  in  the  10  samples  in  which  this  element  was 
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Tahi,e  II 

('(Ifl'EK  AXI»  C’OHAI.T  LeVKI.S  OK  Hl  MAX  WllOl.E  SaI.IVA 


- - 

— 

COl’I’EK 

COBAl.T 

CAKIKS 

KAXCK 

M  fax 

KAXOE 

MEAX 

AC 

.XO.  OF 

(/to./ 100 

(/to./  100 

xo.  OF 

(/4G./100 

(/iO./lOO 

SIB.IFCT 

SEX 

TIVITY* 

SAMIM.ES 

C.C.) 

C.C.  ) 

SAMCI.ES 

C.C.) 

C.C.) 

1.  A.  «. 

M 

-f-t  -*■ 

IS 

10.00-47.60 

25.25 

7 

0.00-12.55 

5.10 

IJ.  A.  R. 

V 

-T 

s 

l.j.00-40.00 

25.25 

4 

0.00-  4.18 

1.06 

.1.  T.  R. 

V 

++ 

(i 

1 7.50-42.60 

25.25 

4.  S.D. 

M 

4 

22.50-57.50 

28.00 

0.00-  4.20 

0.60 

0.  r.  B. 

M 

:t 

20.00-25.00 

25.25 

().  B.  N. 

+++ 

15.00-57.50 

25.00 

.5 

0.00-  7.52 

2.51 

7.  M.  K. 

F 

22.50-50.00 

25.75 

S.  .1.  H. 

M 

1  7.50-57.50 

20.75 

8 

0.00-  4.51 

1.15 

9.  H.  B. 

.M 

-+-!-  + 

o 

0.00-11. .56 

4.18 

m.  W.  M. 

M 

4-4-4--*. 

5 

0.00-  7.52 

2.51 

•Fosiliok.  Hansen,  and  lOpple  Classification. 


present  was  7.04  /xjr.  per  100  e.e.  At  least  one  sainiile  from  eaeh  sul),iect  con¬ 
tained  a  trace  of  colialt.  The  variations  in  the  copiter  and  cobalt  levels  of  the 
saliva  samples  collected  from  each  subject  on  different  days  was  substantially 
jrreater  than  the  variations  in  the  mean  saliva  concentrations  of  these  elements 
in  the  different  subjects.  Xo  correlation  was  observed  between  the  copper  and 
cobalt  levels  and  the  dental  caries  activity  of  the  samples  analyzed. 

Effect  of  the  lietnoval  of  Cu**  and  on  Acid  Production  in  Human 

Sediva. — The  effect  of  the  removal  of  copper  and  cohalt  on  acid  production  in 
saliva  by  the  addition  of  the  chelatiiif?  afrent,  sodium  diethyldithiocarhamate, 
is  shown  in  Table  III.  In  the  10  instances  in  which  this  compound  was  added 
to  samples  of  saliva  with  demonstrable  caries  activity,  acid  ))roduction  was  in¬ 
creased  in  4  and  decreased  in  6.  In  all  hut  two  cases,  B.  E.  and  A.  R.,  however, 
the  differences  between  the  treated  and  untreated  alicpiots  could  not  he  inter- 
ju'eted  as  sijinificant. 


Taki.e  1 1 1 

Effect  of  Kemovai,  of  Cr**  axp  Po**  ox  Acip  Pkoiicctiox  ix  Hi  max  Sai.iva 


‘ 

SCBJECT 

CAKIES 

ACTIVITY 
(  rXTREATEI) 
SAI.IVA) 

GAl.V  IX 

.SOI.CBI.E  CA 
(MG./ 10  C.C. 
SAI.IVA) 

CAK1E.S 

ACTIVITY 
(TREATED 
SALIVA*  ) 

GAIX  IX 

.SOLUBLE  CA 
(MG./IO  C.C. 
SALIVA  ) 

1.  T.  J.  F. 

+ 

0.58 

- 

0.06 

2.  S.  E. 

+++ 

1.25 

44- 

0.81 

5.  S.  S. 

r-e-e 

1.08 

4+4 

1.26 

4.  B.  E. 

-t-F-I-f 

5.26 

+  4  + 

1..53 

5.  S.D. 

+ 

0.15 

4 

0.28 

6.  A.  R. 

5.55 

+4-4 

1.06 

7.  M.  M. 

-H-+ 

1.48 

+-H- 

1.75 

8.  A.  S. 

+-H-I- 

1.75 

+4+ 

1.70 

9.  E.  B. 

+  44 

1.10 

+4+ 

1.60 

10.  R.  (J. 

-l-f 

0.51 

4+ 

0.80 

•Trf-ate<l  by  aiblition  of  0..5  o.c.  0.01  M  soiliuni  (liethyblithiocarbaniato. 


Effect  of  the  Addition  of  ('u**  and  ('o**  on  Acid  Production  in  Human 
Saliva. — Table  IV  shows  the  effect  of  the  addition  of  C\i**  and  (V*  in  amounts 
c(pial  to  ajipio.ximately  4  and  20  times,  respectively,  the  maximum  concentration 
jireseni  in  saliva  on  acid  production  in  this  fluid.  Acid  jiroduction  was  com- 
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pletely  inhibited  in  2  and  partially  inhibited  in  4  of  the  6  samples  to  which 
(’ll**  was  added.  Similar  results  were  obtained  for  the  6  samples  to  which  (.V* 
was  added.  In  all  instances  the  decrease  in  acid  production  was  substantial. 


Tabi.e  IV 

Ekkwt  »*k  the  .VimiTiox  ok  Cu**  axi>  (,V*  ox  Acna  Pkoiu’ctio.v  ix  Hi  max  Sai.iva* 


PATIEXT 

AMOUNT  AUBEU/ 

10  C.C.  SAI-IVA 

CARIES 

ACTIVITY 

(cxtr1':ateb 

SAI.IVA) 

GAIN*  IX 

.SOI.rBLE  CA 
(MG./IO 
C.C.  SAI.IVA) 

CARIES 

ACTIVITY 

(TREATED 

SAI.IVA) 

GAIX  IX 

SOLUBLE  CA 
(MG./IO 

C.C.  SALIVA) 

1.  S.B. 

20  MS  Cu** 

+++- 

2.20 

-H-+ 

1.35 

2.  C.B. 

20  ng  Cu** 

+++ 

1.50 

1-++ 

1.20 

3.  R.  A. 

20  /ig  Cu** 

+ 

0.39 

- 

0.09 

4.  W.M. 

20  nfr  Cu** 

f+f 

1.28 

0.14 

5.  M.H. 

20  ^Lg  Cu** 

+++ 

1.63 

+f 

0.86 

(5.  E.  B. 

20  fig  Cu** 

++ 

0.71 

- 

0.00 

7  H.  B. 

19.7  fig  Co** 

f+-H- 

3.20 

++++ 

2.15 

8.  M.  He. 

19.7  fig  Co** 

++-H- 

2.95 

*i  f- 

1.11 

9.  A.  S. 

19.7  fig  Co** 

+++-^ 

2.06 

++ 

0.97 

to.  J.  S. 

19.7  fig  Co** 

■hh 

0.59 

- 

0.00 

11.  W.  K. 

19.7  fig  Co** 

++++ 

2.26 

- 

0.01 

i2.  W.  L. 

19.7  fig  Co** 

++++ 

3.46 

++++ 

2.25 

*A<l<le(l  a.<?  CuSo4  and  CoCl:. 


fa**  and  Co**  as  Replacements  for  Essential  Trace  Elements  in  the  Xu- 
trition  of  an  Oral  Strain  of  Lactohacillus  Acidophilus. — The  inability  of  cobalt 
and  cojiper  to  influence  the  growth  and  acid  jirodiiction  of  an  oral  strain  of 
L.  acidophilus  is  shown  in  Table  V.  The  addition  of  these  ions  either  singly  or 
in  combination  in  amounts  corresiiondiiif;  to  tho.se  present  in  saliva  failed  com- 
])letely  to  inhibit  the  Growth  of  this  orjfanism  in  Kulp's  tomato  juice  ajrar.  The 
presence  of  (’<>**  or  (’u**  as  replacements  for  Mg**,  Mn**,  or  K*  in  the  test 
medium  failed  either  to  stimulate  or  to  inhibit  the  growth  of  the  L.  acidophilus 
in  a  medium  containing  all  of  the  other  known  growth  factoi-s  of  this  organism. 

Disi’rssiox 

Of  the  4  trace  elements,  copper,  cobalt,  nickel,  and  molylHUunim,  previously 
shown  to  be  inhibitory  to  oral  acid-producing  bacteria  when  added  in  vitro  in 
fairly  large  concentrations,  only  copjier  and  cobalt  were  detecte<l  in  human 

Tabi.e  V 

COPPEK  AND  COBAI.T  AS  KEPIACEMEXTS  KOK  EsSEXTIAI,  TK.ACE  Ei.E.MEXTS  IX  THE 
NlTRlTlOX  (»K  AX  OKAI,  STRAIX  OK  LACTOBACH.I.I’S  AC'IDOPHH.rs 


ACII*  PRODI  PTIOX  (C.e.  O.l  X  XaOH  ) 


TUBE  1 

24  HOURS  1 

48  HOURS 

72  HOURS 

1.  Unmodified  L.D.* 

4.44  j 

12.15 

13.57 

2.  L.l).— Mg** 

2.52  ! 

6.88 

8.72 

3.  L.U. — Mg**  +  Cu** 

2.00  ' 

5,57  ' 

7.70 

4.  L.I).— Mg**  +  Co** 

2.36  1 

5.91 

8.77 

5.  L.l). — Mn** 

2.80 

6.00 

8.60 

6.  L.l). — Mn**  +  Cu** 

2  42 

5.74 

8.07 

7.  L.P. — Mn**  +  (*o** 

2.34 

I  6.31 

!  8.81 

8.  L.l).— K* 

0.00 

1  0.00 

'  0.00 

9.  L.D.— K*  +  (’u** 

0.00 

0.00 

0.00 

10.  L.l).— K*  +  Co** 

i  0.00 

0.00 

0.00 

•n.D.  =  l,andy  and  Dicken  ni«?diuni. 


142 


DHKIZKN.  Sl'IKS.  AM)  SPIKS 


J.  I).  Res, 
Fcbiu.jry,  19^2 


wliole  saliva  by  the  methods  used.  The  eoneent ration  of  eo])i)er  ‘ii’eatly  exeeeded 
that  of  eobalt.  and  was  approximately  “ib  to  80  tnu*  eent  as  fireat  as  that  in  blood. 
The  ))resenee  of  eo])j)er  in  all  samj)les  of  saliva  examined  for  this  element  siifi- 
»ests  that  eoppei-  is  a  normal  eonstituent  of  human  whole  saliva.  The  absenee 
of  eobalt  from  27  of  the  37  sami)les  tested  for  this  element  indicates  that  eobalt 
is  not  a  i-e<»ular  eonstitue  it  of  human  saliva. 

The  eojiper  and  eobalt  levels  of  saliva  seem  to  bear  no  relationshij)  to  dental 
caries  activity.  The  removal  of  these  elements  by  chelation  did  not  materially 
affect  acid  jiroduetion  in  saliva.  When  added  to  a  synthetic  medium  in  the 
amounts  jiresent  in  saliva,  the.se  elements  failed  to  influence  the  growth  of  an 
oral  strain  of  L.  aiulvphilus.  The  concentrations  of  t’o*"  and  (Tr*  reiptired  to 
iidiibit  acid  production  in  human  whole  saliva  jireatly  exceeds  those  found  to  be 
actually  present  in  this  medium. 

St'MM.lKV  .\N1)  I’ONl'I.rsiONS 

Of  the  4  trace  elements  anta«:onistie  to  the  "rowth  of  oral  aeidojienic  bac¬ 
teria  in  synthetic  media,  saliva  contains  eoptier  regularly,  eobalt  occasionally, 
and  nickel  and  molybdenum  not  at  all.  ('op])er  was  ])resent  in  amounts  ranging 
from  10.00  to  47.30  mg.  i)er  100  cubic  centimetei's  iji  each  of  the  48  samples  of 
saliva  analyzed  for  this  element,  ('obalt  was  i)resent  in  10  of  37  samples,  the 
maximum  concentration  being  12.33  mg.  i>er  100  cubic  centimeters  of  saliva. 
In  vitro  studies  clearly  demonstrate  that  in  the  maximum  (juantities  available 
in  saliva.  coi)per  and  cobalt  do  not  influence  dental  caries  activity  as  mea.sured 
by  acid  jiroduction  in  saliva  and  the  gi-owth  of  an  oral  strain  of  L.  ocidophilus. 
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FRACTURING  OF  THE  MOUAR  TEETH  IN  CARIES-SUSCEPTIBLE 
AND  CARIES-RESISTANT  ALBINO  RATS 
(RATTUS  NORVEGICUS) 

E.  C.  NAKFOOR,*  H.  R.  HUNT,  AND  C.  A.  HOPPERT 

From  the  Departments  of  Zoology  and  Chemistry,  Michigan  State  College, 

East  Lansing,  Mich. 

The  researches  of  Hunt  and  Hoppert  and  their  graduate  students  have 
sought  to  discover  some  of  the  factors  that  influence  the  development  of 
caries  in  the  lower  molar  teeth  of  albino  rats.  A  caries-susceptible  strain  and 
a  caries-resistant  strain  have  been  created  since  1937  by  means  of  phenotypic 
selection,  progeny  testing  of  breeding  pairs,  and  brother  by  sister  inbreeding. 
The  caries-producing  diet  of  Hoppert,  Webber,  and  Canniff*’ *  (66  per  cent 
coarsely  ground  hulled  rice,  30  per  cent  whole  milk  powder,  3  per  cent  alfalfa 
leaf  meal,  and  1  per  cent  sodium  chhn’ide)  has  provided  a  constant  diet 
throughout  the  experiments.  About  8,000  rats  have  been  observed  to  date. 
The  proof  is  conclusive  that  hereditary  differences  are  important  in  the  causa¬ 
tion  of  caries  in  the  lower  molars  of  rats.®'*  Use  of  a  tooth  facilitates  the 
carious  process,*  sex  is  not  an  important  causative  factor,*  and  age  appears 
to  increase  resistance  more  or  less.^*  The  appearance  of  rat  caries  is  delayed 
by  grinding  the  rice  component  of  the  ration  finer  than  in  the  standard  ration 
generally  used.'*  The  secretion  of  the  i)arotid  gland  does  not  appear  to  be  of 
great  importance  in  promoting  or  delaying  the  formation  of  caries  (data  un¬ 
published). 

Robinson"  has  suggested  that  the  caries  in  these  two  strains  of  rats  may 
have  been  initiated  by  fracturing  of  the  teeth.  The  coarse,  hard  rice  particles 
might  be  the  cause  of  such  injury.  Rosebury'®’  has  suggested  that  true  caries 
in  rats  can  be  identified  as  a  rule  only  by  microscopic  examination  of  tooth 
sections,  and  is  to  be  distinguished  from  other  lesions  in  the  teeth,  some  of 
which  are  initiated  by  fracturing. 

The  objective  of  the  investigation  reported  in  this  paper  was  to  compare 
the  resistance  to  exi)erimentally  produced  fracturing  of  the  lower  molar  teeth 
of  the  caries-susceptible  inbred  rats  with  resistance  to  induced  fracturing  in 
the  caries-resistant  inbreds.  It  was  supposed  at  the  outset  that  if  the  two 
strains  showed  a  significant  difference  in  this  experiment,  a  similar  difference 
with  respect  to  fracturing  might  cause  the  molar  teeth  of  the  susceptible  strain 
to  fracture  more  frequently  than  in  the  other  strain  during  mastication,  leading 
to  earlier  and  more  frequent  caries  in  the  former, 

PROCF.DURE 

A  simple  apparatus  was  used  to  test  resistance  to  breakage  in  the  lower 
molars.  An  aluminum  rod  was  droi)ped  vertically  through  varying  distances 
upon  the  cusps  of  molar  teeth  imbedded  in  a  half  jaw  which  had  been  dis- 

This  investigation  was  supported  by  a  very  generous  grant  from  the  I’nited  States  Public 
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the  quantitative  calculations  based  on  these  observations. 
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sected  a  lew  minutes  jn-eviously  fi-om  an  etherized  rat.  The  effect  uf  the  im¬ 
pact  upon  the  cusj)  was  observed  throufjh  a  binocular  microscope  at  the  instant 
of  ini])act.  The  aluminum  rod  was  7  inches  loiifr,  cylindrical,  of  an  inch 
in  diameter,  and  weighed  8.55  ‘rrams.  The  lateral  surface  of  the  rod  was 
])olished  with  a  fine  frrade  of  emery  cloth  to  reduce  friction.  The  rod  was 
coated  with  a  frood  jrrade  of  lubricatinjr  oil  and  then  wiped  dry  before  each 
testiiifr  ])eriod.  Frictional  resistance  was  thereby  reduced.  The  lowei’  end  of 
this  aluminum  plunjrer  was  ta])ered  to  a  blunt  imint  about  one  millimeter  in 
diameter. 

The  aluminum  rod  was  mounted  in  a  .suiipoidinp-  apparatus  consti‘Ucte<l 
as  follows.  Two  ])ieces  of  oak  (  inch  thick  and  8  inches  wide)  were  fastened 
to  each  other  at  a  ri^ht  aufrle.  The  iierpendicular  piece  was  10  inches  hijrh  and 
the  base  12  inches  loufr.  Attached  to  the  vertical  jiiece  of  wood  was  a  bar  of 
steel  whose  two  ends  were  bent  accurately  at  rijrbt  angles  so  that  they  were 
lierpendicular  to  the  vertical  sui)i)ort  but  parallel  to  the  base.  Throufrh  each 
end  of  this  bar  was  drilled  a  hole,  so  that  there  were  two  beariiifr  surfaces  to 
fruide  the  aluminum  i-od,  with  a  minimum  of  friction,  when  it  was  droi)ped 
upon  the  cusp  of  a  tooth.  A  small  screw-type  vise  was  imbedded  in  a  metal 
can  filled  with  concrete.  The  jaw  was  held  in  this  vi.se,  which  was  placed  in 
the  line  of  travel  of  the  aluminum  i-od.  An  li-shai)ed  steel  bar.  attached  to  the 
vertical  wooden  suppo»‘t,  rejmlated  the  distance  throufih  which  the  aluminum 
pluufrer  was  droi)ped. 

The  kinetic  enerfry  1^(11111^(1  to  break  a  cusp  could  be  calculated  from  the 
formula.  K.E.  =  M  a  s.  in  which  M  is  the  mass  of  the  aluminum  rod,  a  the  ac¬ 
celeration  of  a  freely  falliufr  body,  and  s  the  distance  the  rod  was  dropi)ed. 
The  same  rod  was  used  throuffhout  the  experiment,  so  that  M  and  a  were  con¬ 
stant  factors.  The  di.stance,  s.  throufrh  which  the  rod  must  be  dropped  to  frac¬ 
ture  a  cusp  was  therefore  considered  a  fairly  accurate  measure,  for  compara¬ 
tive  imrposes.  of  the  i-esistance  of  teeth  to  mechanical  fracturing:. 

The  animals  for  this  experiment  were  bred  from  the  caries-su.sceptible  and 
caries-resistant  stocks  of  Hunt  and  H()|)))crt.  Xineteen  susceptible  brcedei's, 
comiirisiiifT  15  crosses,  and  21  resistant  bi'eeders.  makiufr  Ifi  crosses,  were  taken 
from  Hunt  and  Hoi)])ert’s  twentieth  susceptible  and  sixteenth  resistant  {renera- 
tions,  respectively.  These  breeders  produced  the  youufi:  whose  teeth  were 
tested.  The  diet  was  the  same  as  that  devised  by  Ho))pert,  "Webber,  and  Fan- 
niff'*-  -  exce])t  that  rice  flour  was  substituted  for  the  more  coarsely  jfround  rice 
to  prevent  early  dental  decay. 

Ten  sites  (cus])s)  on  each  jaw  were  chosen  for  tests  on  re.si.stance  to  break- 
atre  (Fi^;.  1).  The  numbering*  of  the  sites  befjan  at  the  anterior  median  cusp 
of  the  first  molar  and  continued  posteriorly  on  the  liiifrual  side  to  the  i)osterior 
retrion  of  the  second  molar,  then  proceeded  antei-iorly  on  the  labial  side  to  the 
anterior  cus])  of  the  first  molar.  ('us))s  1,  II,  III,  XH,  Xlll,  and  XIV*^  were  in 
the  first  molar.  The  second  molar  contained  IV',  V,  X,  and  XI.  The  third 
molar  has  not  proved  imimrtant  in  Hunt  and  Hoppert’s  researches,  so  it  was 
not  tested. 
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Twenty-five  of  the  58  suseeptihle  rats  tested  develoi)ed  caries  before  the 
a}ie  of  (it)  days,  in  spite  of  the  faet  that  riee  flour  instead  of  the  eoarsely  p^round 
riee  was  used  in  the  ration  (Table  I).  This  is  eontrary  to  the  findings  of 


RIGHT  LEFT 

CUSPS  tested  for  resistance  to  breakage 

FiK.  1. 

Ilrannsehneider,  Hunt,  and  Hoppert.’*’  The  riee  flour  used  in  this  experiment 
was  seeured  from  the  same  firm  that  sui)plied  llraunschneider  s  flour,  and  both 
flours  wei-e  i)roeessed  in  a  similar  manner.  The  reason  for  the  diserei)aney  is 
unknown.  There  is  no  evidence  of  marked  increase  in  susceptibility  to  caries 
in  the  .susceptible  line  .since  Hraunschneider’s  experiments.  The  cavities  in 
this  inve.stigation  were  found  with  the  low  power  of  the  binocular  microscoi)e, 
while  Hraunschneider  used  only  the  unaided  eye.  One  might  think,  therefore, 
that  Hraunschneider  may  have  overlooked  many  .small  cavities,  but  carious 
destruction  ])roceeds  so  rapidly  in  our  susceptible  stock  that  such  an  explana- 
ti<tn  seems  inadequate.  On  one  occa.sion  coarse  rice  ])articles,  similar  to  those 
found  in  our  regular  cariogenic  diet,  were  found  in  one  feed  can.  We  do  not 
know  how  these  ])articles  g(»t  there.  Two  very  tiaistworthy  persons,  in  addi- 
ti(»n  to  one  of  the  authors  (K.O.X.),  occa.sionally  fed  the  animals.  It  is  i)os- 
sible.  but  not  probable,  that  the  regular  caries-i)ro<lucing  diet  was  occasionally, 
by  accident,  ])laced  in  the  feed  cans. 

Diammonium  ])hosi)hate  (1  ])er  cent  by  weight)  was  added  to  the  diet  in 
an  attem|)t  to  check  this  unexpected  dental  caries.  Tooth  <lecay  in  the  suscep- 
tibles  nevertheless  continued  to  ai)])ear  at  about  the  same  rate.  This  unan¬ 
ticipated  dental  caries  when  rice  flour  was  used  in  the  rati^m  merits  further 
investigation. 

The  lower  molar  teeth  were  tested  for  resistanee  to  fracturing  when  a 
rat  had  become  about  fit)  days  ohl.  The  ages  of  the  su.sceptibles  tested  ranged 
from  59  to  (52  days.  The  range  of  the  resistants  was  from  (JO  to  <>4  days,  except 
f<n“  4  animals,  which  were  67  days  old.  The  animal  was  etherized,  the  jaw  was 


Average  Drop  Distances  (in  Millimeters)  Required  to  Chip  or  Split  Lower  Molar  Teeth  at  the  Sites  Indicated 


The  flBures  In  parentheses  are  the  numbers  of  cases,  which  in  some  instances  are  less  than  the  total  number  of  animals,  because  a  frac¬ 
ture  in  one  cusp  may  have  injured  an  adjacent  cusp,  makinB  It  impossible  to  test  the  latter. 
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inmiediatply  separated  from  the  head,  the  llesh  i-emoved,  the  molar  teeth 
seruhhed  Avith  a  small  toothhiaish  to  remove  food  particles,  and  the  half  of 
the  jaw  to  he  tested  Avns  placed  in  the  vise  and  examined  with  a  needle  probe 
under  the  binocular  mieroseoj)e  f(n-  caries,  natural  fractures,  etc.  The  other 
half  of  each  jaw  was  labeled  Avith  India  ink  and  kept  as  a  control. 

About  half  the  jaws  tested  for  resistance  to  fracturing  were  rif?ht  jaws, 
and  the  other  half  left  jaAvs.  It  Avas  suspected  that  the  molars  on  the  right 
jaw  might  differ  from  those  on  the  left,  for  Hunt  and  Hoppert”  found  that  the 
right  lower  molars  of  both  susceptible  and  resistant  rats  shoAved  a  greater  in¬ 
cidence  of  caries  than  the  left  lower  molars. 

The  teeth  were  tested  in  the  fracturing  machine  immediately  after  they 
Avere  microscopically  examined.  Each  cusp  Avas  .subjected  to  repeated  bloAvs 
by  the  aluminum  rod  in  the  folloAving  manner.  The  point  of  the  rod  was 
aligned  Avith  Site  I  and  dropped  on  it  through  a  distance  of  5  mm.  The  rod 
Avas  <lropi)ed  5  times  on  this  cus])  from  this  height,  the  cusp  was  examined 
Avith  the  hinocidar  microscope  after  each  hloAv,  the  damage,  if  any,  being  re¬ 
corded  after  each  impact.  The  cylinder  cotitaining  the  vi.se  Avas  then  moved 
until  Site  II  Avas  in  line  Avith  the  i)lunger  point,  Avhereupon  5  blows  from  a 
height  of  5  mm.  Avere  again  admijiistered.  This  procedure  was  repeated  until 
every  one  of  the  10  sites  had  been  .subjected  to  5  bloAvs  from  a  height  of  5  mm. 
The  results  were  continually  observe<l  Avith  the  binocular  microscope.  Cusps 
1,  II,  III,  IV,  V,  X,  XI,  XII,  XIII,  and  XIV  Avere  tested  in  that  order. 

After  the  droi)s  at  the  5  mm.  level  Avere  completed,  the  distance  aa'hs  in¬ 
creased  to  10  mm.,  and  from  this  height  all  sites  were  again  tested.  Then  tests 
Avere  made  Avith  drops  of  15,  20,  25,  .‘>0,  etc.  mm. 

OBSKKVATIONS 

In  general,  4  ty|)es  of  damage  Avere  observed.  Minute  particles  of  tooth 
substance  were  knocked  off  Avith  even  the  lightest  bloAAs;  this  AAas  called  flak¬ 
ing.  In  cracking,  a  distinct  cleavage  was  produced,  though  no  part  of  the  tooth 
Avas  lost.  In  chipping,  actual  chunks  of  the  cusp  were  broken  off.  Often  a 
AA'hole  cusp  Avas  broken  off;  this  was  defined  as  si)litting.  The  .site  Avas  tested 
UTitil  either  a  large  ])ortion  of  the  cusp  Avas  chipped  off  or  a  Avhole  cu.sp  Avas 
split  off.  When  a  cusp  Avas  chipjied  or  split,  the  corresponding  dropjung  dis¬ 
tance  Avas  recorded  as  the  measure  of  resistance  of  the  cusp  to  breakage,  and 
it  Avas  not  tested  further. 

Table  I  gives  the  avei’age  drop  distances,  in  millimeter.s,  reijuired  to  chip 
or  split  the  lower  molar  teeth  at  the  sites  defined  (I,  II,  HI,  etc.)  in  Fig.  1. 
The  data  are  giA'en  for  the  57  resistant  rats  (Group  R),  for  the  25  susceptibles 
that  developed  caries  (Group  Sc),  and  for  the  311  suscevdibles  that  did  not 
shoAv  caries  (Groui)  S).  The  observations  on  animals  fed  the  ammoniated  diet 
and  those  that  were  not  given  it  are  included. 

The  resistance  to  induced  fracturing  in  the  two  resistant  groups  AAas  great¬ 
est  at  Site  XI.  Avhere  the  average  breaking  drop  distance  Avas  28.4  mm.  for  55 
animals.  This  Avas  closely  folloAved  by  I  and  XIII  (both  27.8  mm.),  by  XH 
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(26.9  min.),  and  XIV  (26.7  mm.).  The  other  average  breaking  drop  distanee.s 
were  at  X  (2d.l  mm.),  at  II  (20.9  mm.).  Ill  (14.)}  mm.),  IV  (lo.8  mm.),  and 
at  V  (13.7  mm.). 

Unfortunately,  the  data  for  the  siiseeptibles  with  earies  (Groui)  Sc)  are 
probably  of  scant  significance  in  this  research,  at  least  for  some  of  the  sites, 
because  carious  cavities  doubtless  lowered  resistance  to  induced  fracturing. 

Upon  averaging  the  observations  on  the  susceptible  rats  that  did  not  de¬ 
velop  caries  (Group  S),  Site  Xlll  showed  the  greatest  resistance  to  induced 
fracturing,  with  an  average  breaking  drop  distance  of  27.6  mm.  for  29  ani¬ 
mals.  The  records  for  the  other  sites  were:  1  (26.7  mm.),  XIV  (25.2  mm.), 
II  (22.7  mm.),  XIT  (22.4  mm.),  XI  (20.8  mm.),  X  (17.3  mm.).  Ill  and  IV  (12.3 
mm.),  and  V  (11.1  mm.). 

Table  II  shows  the  differences  between  the  means  for  the  resistants  (R) 


Table  II 

Differences  in  Mean  Resistance  to  Fkactcring  Between  the  Resistant  Stock  (R)  and 
THE  SrSCEITlBLES  THAT  DID  NOT  SHOW  DENTAL  CARIES  (S) 


SITE  TESTED 

R-S 

(MM.) 

t  VALVE 

I 

+1.1 

0.8 

II 

-1.8 

1.6 

III 

+2.0 

2.7 

IV 

+1.5 

2.0 

V 

+2.6 

4.9 

X 

+5.8 

4.9 

XI 

+7.6 

7.2 

XII 

+4.5 

,3.8 

XIII 

+0.2 

0.2 

XIV 

+1,5 

1.2 

and  the  suscejitibles  without  caries  (S).  The  molars  of  the  siiseeptibles  were 
more  readily  broken  at  all  sites  except  Site  II.  The  mean  drojiping  distances 
of  the  aluminum  rod  w^ere  significantly  greater  in  the  re.si.stant  rats,  as  judged 
by  the  t  test,  at  Sites  III,  IV,  V,  X,  XI.  and  XII.  The  most  significant  differ¬ 
ence  was  at  cusp  XI,  where  the  t  value  was  7.2.  Thus  it  is  clear  that  on  the 
whole  it  required  more  energy  to  break  a  lower  molar  tooth  in  the  resistant 
animals  than  in  the  suscejitibles.  One  might  be  temiited  to  infer  that  greater 
resistance  to  dental  caries  is  due  to  greater  resistance  to  natural  fracturing. 
Nevertheless,  further  observations  showed  that  such  a  conclusion  would  be 
unjustified. 

Twenty-five  of  the  58  susceptible  strain  rats  used  in  the  investigation  pro¬ 
duced  carious  cavities  in  their  lower  molars.  These  cavities  were  identified 
under  a  binocular  microscope.  If  natural  fracturing  is  highly  important  in  the 
origin  of  cavities,  a  considerable  amount  of  such  fracturing  should  have  been 
present  in  the  teeth  of  these  animals,  for  they  were  obviously  at  a  stage  at 
which  caries  was  being  initiated.  The  control  lower  half  jaw's  of  more  than 
50  susceptible  rats  were  re-examined  with  the  binocular  microscope,  and  only 
3  instances  of  natural  fracturing  were  found.  Two  of  these  w’ere  of  minor 
chip])ing  at  ])ositions  11  and  IV.  The  third  case  was  a  sharp  edged  indentation 
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between  eusps  V  cniul  X.  Only  one  instance  of  natural  fracturing  was  ob¬ 
served  in  the  resistants,  this  being  a  case  of  minor  chipping.  Natural  fractur¬ 
ing,  therefore,  did  not  appear  to  be  of  much  importance  in  tooth  decay  in  these 
animals. 

DISCUSSION 

Furthei-  observation  and  reflection  suggest  that  the  relative  weakness  of 
the  molars  in  susceptible  rats  may  have  been  the  result,  not  the  cause,  of  caries. 
Staining  of  the  teeth  is  often  an  indication  of  the  carious  process.^®’  ”  The 
teeth  of  the  susceptible  animals  showed  a  greater  amount  of  staining  than  the 
resistants.  The  control  half  .jaws  were  examined  again,  this  time  for  staining. 
Five  areas  where  staining  frequently  occurs  were  chosen  for  study.  Among 
r)4  susceptible  control  half  .jaws  examined,  only  4  showed  very  little  or  no  stain¬ 
ing  at  the  selected  sites;  the  remaining  oO  showed  staining.  Two  hundred 
seventy  sites  were  examined;  of  these,  211  showed  discoloration.  Even  the 
jaws  in  (Iroup  S  showed  staining  in  most  instances. 

Among  the  resistant  control  half  jaws,  :»9  out  3)f  52  jaws  examined  were 
negative  for  staining.  Only  24  out  of  the  2H0  .sites  were  stained. 

A  reasonable  interpretation  of  the.se  facts  is  that  in  nearly  all  the  sus¬ 
ceptible  lower  molar  teeth  the  carious  ])rocess  had  begun,  but  that  in  the 
majority  of  cases  it  had  not  iirogressed  far  enough  to  produce  a  cavity  that 
could  be  seen  easily  with  the  binocular  microscope.  This  interesting  possi¬ 
bility  merits  further  study,  jiarticularly  because  it  assumes  that  caries  can  de¬ 
velop  slowly  when  the  rice  of  the  ration  is  in  the  form  of  flour. 

The  relative  weakne.ss  of  the  molars  of  susceptibles  may  also  be  an  indi¬ 
cation  of  a  structural  difference.  An  impres.sion  which  has  grown  through¬ 
out  this  investigation  is  that  the  crevices  in  the  susceptible  strain’s  molars 
are  wider  than  the  crevices  in  resistant  teeth.  This  impression  has  been  sup- 
jiorted  by  observations  both  with  the  unaided  eye  and  with  the  binocular  micro¬ 
scope.  This  jioint  has  not  yet  been  tested  with  scientific  finality,  yet  it  appears 
to  be  true.  If  this  view  is  correct,  perhajis  another  cause  for  the  greater  me¬ 
chanical  weakness  of  the  susceptible  teeth  is  that  there  is  not  so  much  material 
in  them. 

Wider  crevices  might,  in  addition,  result  in  more  imiiaction  of  food,  which 
in  turn  might  favor  acid  formation  by  bacteria,  and  finally  caries.  As  a  mat¬ 
ter  of  fact,  60.4  per  cent  of  the  caries  in  the  .susceptible  line  rats  has  occurred 
at  the  major  crevices  of  the  first  and  second  lower  molars,  while  in  the  resis¬ 
tants  only  15.7  per  cent  of  the  cavities  appeared  at  these  locations.”  Perhaiis 
in  our  susceptible  animals  a  high  incidence  of  early  caries  and  mechanical  weak¬ 
ness  of  the  molar  tooth  have  a  common  cause — width  of  the  crevice. 

CONCLUSION.S 

1.  The  lower  molars  of  resistant  60-day-old  rats  showed  a  greater  resist¬ 
ance  to  fracturing  when  subjected  to  blows  by  a  tapered  aluminum  rod  than 
the  lower  molars  of  susceptible  rats. 
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2.  Unexpected  dental  caries  apiieared  in  some  of  the  susceptible  rats  fed 
on  the  diet  containing  rice  flour,  before  they  were  00  days  old. 

3.  Fracturing  was  probably  not  an  important  factor  in  initiating  dental 
caries  in  our  rats.  Very  few  fractures  were  observed  in  the  lower  molar  teeth 
of  OO-day-old  susceidible  rats,  though  dental  caries  did  appear  in  nearly  half 
of  these  animals. 
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STIHHKS  IN  THK  SYRIAN  HAMSTER 
II.  Blood  Su(JAR;  ^Ikthod  and  Resi  lts 
ROBERT  E.  SULLIVAN,  B.A.,  ANT)  FRANK  G.  EVERETT,  M.S.,  D.AI.D.,  M.D. 
I’niiersity  of  Oreyon  Dental  School,  Portland,  Ore. 

TIIP]  Syrian  hamster  {Cricetus  anratua)  has  become  a  commonly  used  labora¬ 
tory  animal  only  since  1930.'  In  1942  Arnold*  introduced  this  animal  for 
experimental  research  in  dental  caries.  The  study  of  this  disease  in  the  hamster 
is  ])articularly  relevant  because,  as  in  the  human  dentition,  the  crowns  of  the 
eruptiiifr  hamster  molars  are  completely  covered  with  enamel.*  In  the  course 
of  our  own  dental  caries  studies,  both  past'  and  present,  we  have  been  concerned 
with  establish  ill};  average  normal  blood  sugar  values  in  tins  species;  in  review¬ 
ing  the  literature  very  little  could  be  found  concerning  both  actual  values  and 
methods  of  drawing  blood.  Chen,  Powell,  and  Maze’  gave  values  in  15  older 
animals,  10  to  14  weeks  old  and  ranging  in  weight  from  65  to  132  grams.  They 
describe  a  method  using  a  telescope-shaped  holder  to  restrain  the  animal,  shaving 
the  hind  leg  ami  drawing  the  blood  from  the  superficial  vein.  This  method  is 
rather  complicated  even  in  the  older  animals  on  which  it  was  used  in  their 
laboratory;  in  freshly  weaned  animals  (30  to  60  grams)  it  bas  proved  nearly 
imjmssible  to  attain  in  our  bands.  Veneinincture  in  the  hamster  has  been  found 
extremely  difficult  by  ('ohen  and  Fosdick,®  who  found  that  the  animal’s  blood 
clotted  rapidly  when  drawn.  In  view  of  these  difficulties,  we  believe  it  worth 
while  to  describe  the  ])rocedurc  we  have  used  for  more  than  a  year  for  securing 
the  blood,  and  to  present  the  bl(H)d  sugar  values  we  have  obtained  in  the  Syrian 
hamster.  We  have  dealt  with  animals  ranging  in  weight  from  21  to  142  grams; 
our  rate  of  mortality  attributable  to  tbe  procedure  of  drawing  blood  has  been 
relatively  small  (2.0  per  cent). 


KXDKKLMENTAL 

Tbe  following  e<piij)ment  is  used  in  tbe  procedure:  an  open  glass  ether  jar 
6(4  inches  wide,  HI/4  inches  high;  0.1  ml.  volumetric  pii)ettes  (T(’);  Vi  <‘<*- 
tuberculin  syringes  with  Luer  lock;  gauge  27,  %  injection  needles;  paraffin 
blocks  10  cm.  by  5  cm.  containing  6  smooth  round  depressions  to  ivceive  aspirated 
bl(M)d.  Syringes  and  pipettees  are  i)repared  by  coating  the  inside  with  a  fine 
film  of  potassium  oxalate.  For  the  pipettes  this  preparation  is  accomplished 
by  drawing  a  2  per  cent  solution  of  potassium  oxalate  through  them  and  allow¬ 
ing  them  to  dry.  In  the  syringes  a  2  per  cent  solution  of  potassium  oxalate  is 
drawn  through  the  barrel  and  attached  needle  and  expelled  immediately  l)efore 
the  cardiac  puncture. 

About  10  c.c.  of  ether  (c.  p.  for  anesthesia)  are  placed  in  the  ether  jar  be¬ 
neath  a  small  towel  folded  so  that  with  its  4  ends  tucked  in  it  fits  smoothly  into 
the  bottom  of  the  jar.  The  animal  is  weighed  and  dropped  into  the  jar,  which  is 
left  uncovered  so  that  an  adequate  amount  of  oxygen  may  reach  the  animal. 

This  investigation  was  supported  in  part  by  a  research  grant  from  the  National  In¬ 
stitute  for  Dental  Research  oi  the  National  Institutes  of  Health,  Public  Health  Service. 

Received  for  publication,  Aug.  25,  1951. 
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Sufficient  concentration  of  ether  will  he  available  as  tlie  ether  va])ors  are  heavier 
than  air.  The  animal  must  he  observed  very  closely  while  anesthesia  is  obtained. 
The  excitement  stajro  is  easily  recojrnized  by  jumpinfr  motions  of  the  animal. 
Seconds  later  there  is  a  lack  of  coordinated  movement  aiid  the  animal  will  fall. 
It  may  then  be  placed  on  its.  back,  but  is  still  left  in  the  .jar.  Respiratory  move¬ 
ments  will  then  become  .jerky  and  the  animal  may  cease  to  breathe  for  2  or  II 
seconds.  Respiration  then  becomes  rejjular  afiain,  indicatin';  entry  into  the  first 
})hase  of  the  surgical  stajre.  No  runninf;  movement  is  present  at  this  time.  Now 
the  animal  is  removed  from  the  .jar  and  i>laced  on  its  back  with  its  hind  le<;s 
imintin"  toward  the  worker,  who  i)laces  his  left  index  finf;er  very  lijrhtl.v  on  the 
left  chest  in  the  precordial  region  to  detect  the  apical  impulse.  The  needle  is 
inserted  frontally  from  caudally  and  the  animal’s  left  toward  dorsal,  cranial 
and  right  in  a  very  steep  grade,  nearly  at  right  angles  to  the  skin  surface.  The 
left  hand  now  grasps  the  barrel  of  the  syringe  and  the  right  hand  i>ulls  the 
plunger  back  slightl.v.  If  there  is  difficulty  in  drawing  blood,  it  is  suggested 
that  the  thumb  and  index  finger  of  the  left  hand  only  be  used  to  hold  the  barrel, 
and  that  the  middle  finger  of  that  hand  be  used  to  hold  the  heart  in  place  lightly 
by  placing  that  finger  to  the  right  of  the  midline  in  the  region  of  the  heart.  This 
suggestion  is  made  because  the  heart  of  the  hamster  is  easily  moved  by  the  tij) 
of  the  needle.  The  needle  should  not  be  inserted  too  <leeply,  onl.v  3  or  4  mm. 
under  the  skin.  If  further  difficult.v  is  encountered  in  drawing  the  blood,  the 
needle  .should  be  withdrawn  about  1  mm.  and  the  plunger  pulled  back  again. 
Twenty  one-hundredths  of  a  cubic  centimeter  of  blood  are  obtained  from  intra- 
cardially  and  immediately  expelled  into  one  of  the  excavations  of  the  paraffin 
block.  The  amount  of  blood  drawn  should  be  about  double  the  amount  needed, 
to  minimize  the  inaccuracy  involved  by  oxalating  the  syringe.  With  the  pipette, 
0.1  mm.  of  blood  is  taken  up  and  immediatel.v  expelled  into  a  centrifuge  tube 
containing  7.5  mm.  of  distilled  water.  From  here  on  Somogyi's  modification' 
of  the  micro  method  of  Shaffer-IIartmann  is  u.sed.  In  about  I  case  in  10  we 
have  drawn  arterial  blood  ;  in  the  ma,jority  of  casees  we  have  drawn  venous  blood. 
It  is  undei’stood  that  this  may  make  some  difference  in  the  values  obtained’*  but 
no  effort  has  been  made  to  establish  separate  values  for  either  type  of  blood  in 
the  heart  chambers. 

RKSUI.TS 

Using  the  i)rocedure  described,  we  determined  blood  sugar  values  for  normal 
male  Syrian  hamstei's  on  each  of  2  diets,  described  in  Table  I.  Blood  sugar 
values  were  established  for  animals  28  to  40  days  old,  weighing  from  30  to  66 
grams,  and  also  for  animals  80  to  120  days  old,  weighing  from  78  to  142  grams. 
They  were  not  starved  ))rior  to  the  drawing  of  blood  because  a  long  period  of 
starvation  is  neces.sary  to  obtain  fasting  blood  sugar  values,  due  to  storage  of 
food  in  the  animals'  pouches.  The  bhmd  sugar  values  established  by  using 
Soniogyi’s  modification  of  the  micro  method  of  Shaffer-Hartmann'  are  shown 
in  Table  1.  They  are  in  rather  clo.se  agreement  with  ('hen,  Powell  and  Maze"’ 
who  found  the  value  92.5  ±  4.1  mg.  j>er  100  c.c.  in  their  15  older  animals,  using 
the  Hagedorn-.lensen  method.” 
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SUMMARY 

A  nietliod  of  heart  puncture  for  the  drawing  of  blood  in  the  Syrian  hamster 
is  described.  In  the  use  of  this  pr(M*edurc  a  very  low  mortality  rate  has  l)een 
obtained.  The  actual  time  expended  per  animal,  ineludinf?  weighing  and  anes¬ 
thesia,  is  not  more  than  3  or  4  minutes.  Hamster  blood,  previously  reported  as 
clotting  very  rapidly,”  is  handled  without  such  difficulty.  Blood  sugar  values 
are  given  for  young  and  adult  animals  on  synthetic  high  .sucrose,  and  on  natural 
maintenance  diets. 

Table  I 

SroAK  Valces  in  the  Hykiax  Hamster 


DIET*  ^ 

NI  MBEK  OK  ANIMAI,.S 

1  AGE  ( DAY.S  ) 

BLOOD  Sl'GAR 

MO./ 100  C.C. 

1 

26 

28-30 

92.3  ±  2.8 

1 

24 

80-120 

88.9  ±  3.7 

‘> 

92 

.30  40 

92.9  ±  2.8 

2 

19 

80-120 

97.3  ±  7.1 

•Diet  No.  1  oon-sisted  of  Purina  Uaboratory  Chow  and  water,  both  ad  libitum,  with  semi- 
weekiy  supplement.s  of  raw  liver  and  preen  an<i  yeilow  vegetables.  Diet  No.  2  was  the  one 
de.soribed  by  Shaw,  Schweigert,  Mclntire,  KIvehjem  and  Phillips,'*  and  modified  by  Shaw." 
This  diet  consists  of  sucrose  fi"  parts,  casein  24  parts,  saits  4  parts  and  corn  oil  5  parts.  To 
this  are  added  the  vitamins,  liver  2  parts  an<l  liver  concentrate  2  parts. 
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Erratum 


On  824  of  the  December  issue  of  tlie  JofKXAi-,  in  the  article  entitle<i  ‘  *  Doloriinetric 

Evaluation  of  Dental  Patients”  by  Austin  H.  Kutscher  ami  Xeal  W.  Chilton,  the  expression 
in  Table  II  reads: 

‘‘‘Standard  deviation  =  a/  -  x-2  ...” 

\  X 

The  last  part  of  this  expression  (x--)  should  read  x-. 


1 


